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INTRODUCTION 


1.0 Introduction to MCS-48™ 

Recent advances in NMOS technology 
have allowed Intel for the first time to place 
enough capability on a single silicon die to 
create a true single-chip microcomputer 
containing all the functions required in a 
digital processing system. This microcom¬ 
puter, its variations, and its optional periph¬ 
erals are collectively called the MCS-48 
microcomputer family and are fully des¬ 
cribed in this manual. 

The head of the family is the 8048 
microcomputer which contains the following 
functions in a single 40 pin package: 

8-Bit CPU 

IK x 8 ROM Program Memory 
64 x 8 RAM Data Memory 
27 I/O Lines 

8-Bit Timer/Event Counter 

A 2.5 or 5.0 microsecond cycle time and a 
repertoire of over 90 instructions each 
consisting of either one or two cycles makes 


the single chip 8048 the equal in performance 
of most presently available multi-chip NMOS 
microprocessors, yet the 8048 is a true “low- 
cost” microcomputer. A single 5V supply 
requirement for all MCS-48 components 
assures that “low cost” also applies to the 
power supply in your system. 

Even with low component costs; however, a 
project may be jeopardized by high develop¬ 
ment and rework costs resulting from an 
inflexible production design. Intel has solved 
this problem by creating two pin-compatible 
versions of the 8048 microcomputer: the 
8048 with mask Programmable ROM pro¬ 
gram memory for low cost production and 
the 8748 with user programmable and 
erasable EPROM program memory for 
prototype development. The 8748 is essen¬ 
tially a single chip microcomputer “bread¬ 
board” which can be modified over and over 
again during development and pre-produc¬ 
tion then simply replaced by the low cost 
8048 ROM for volume production. The 8748 



8 BIT CPU 

IK WORDS OF PROGRAM MEMORY 
64 WORDS OF DATA MEMORY 
27 I/O LINES 

INTERVAL TIMER/EVENT COUNTER 
OSCILLATOR AND CLOCK DRIVER 
RESET CIRCUIT 
INTERRUPT CIRCUIT 


ON CHIP FEATURES 
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provides a very easy transition from develop¬ 
ment to production and also provides an easy 
vehicle for temporary field updates while new 
ROMs are being made. 


SPECIAL FEATURES 

• SINGLE 5V SUPPLY 

• 40 PIN DIP 

• PIN COMPATIBLE ROM AND EPROM 

• 2.5 and 5.0 Msec CYCLE VERSIONS 

• ALL INSTRUCTIONS 1 OR 2 CYCLES 

• SINGLE STEP 

• 8 LEVEL STACK 

• 2 WORKING REGISTER BANKS 

• RC, XTAL, OR EXTERNAL FREQUENCY 
SOURCE 

• CLOCK PER CYCLE AND OPTIONAL CLOCK 
PER STATE OUTPUT 


To allow the MCS-48 to solve a wide range of 
problems and to provide for future expan¬ 
sion, all 8048 functions have been made 
externally expandable using either special 
expanders or standard memories and periph¬ 
erals. An efficient low cost means of I/O 
expansion is provided by the 8243 I/O 
Expander which provides 16 I/O lines in a 24 
pin package. For systems with large I/O 
requirements multiple 8243s can be used. 

For such applications as Keyboards, Dis¬ 
plays, Serial communication lines, etc. 
standard MCS-80™ (8080) peripheral cir¬ 
cuits may be added. Program and data 
memory may be expanded using standard 
memories or the 8355 and 8155 memories 
that also include programmable I/O lines and 
timing functions. 


The 8035 is an 8048 without internal program 
memory that allows the user to match his 
program memory requirements exactly by 
using a wide variety of external memories. 
The 8035 allows the user to select a minimum 
cost system no matter what his program 
memory requirements. 

The 8048 was designed to be an efficient 
control processor as well as an arithmetic 
processor with an instruction set which 
allows the user to directly set and reset 
individual lines within its I/O ports as well as 
test individual bits within the accumulator. A 
large variety of branch and table look-up 
instructions make the 8048 very efficient in 
implementing standard logic functions. Spe¬ 
cial attention was also given to code 
efficiency with over 70% of the instructions 
being single byte and all others being only 
two bytes. This means many functions 
requiring 1.5K to 2.0K bytes in other 
processors may very well be compressed 
into the IK words resident in the 8048. 


THE MCS-48™ FAMILY 

8048 — MICROCOMPUTER WITH ROM 

8748 — MICROCOMPUTER WITH EPROM 

8035 — MICROCOMPUTER WITHOUT ROM 

8243 — I/O EXPANDER 

8355 — ROM PROGRAM MEMORY AND I/O 
EXPANDER 

8755 — EPROM PROGRAM MEMORY AND I/O 
EXPANDER 

8155 — DATA MEMORY AND I/O EXPANDER 


1-2 




Compatible MCS-80™ Components I MCS-48 


INTRODUCTION 


Microcomputers 

8048 

ROM Program Memory 

2.5 Msec 

Three compatible versions 


8748 

EPROM Program Memory 

Cycle 

of the single chip micro- 


8035 

External Program Memory 

computers provide mask 


8048-8 

ROM Program Memory 

5.0 Msec 
Cycle 

programmed, light erasable. 


8748-8 

EPROM Program Memory 

or no internal program 


8035-8 

External Program Memory j 

memory. 

Memory and I/O 

8355 

2K x 8 ROM with 16 I/O Lines 

Compatible devices allow 

Expanders 

8755 

2K x 8 EPROM with 16 I/O Lines 

direct expansion of 8048/ 


8155 

256 x 8 RAM with 22 I/O Lines and Timer 

8748/8035 functions 





with no additional external 

components. 

I/O Expander 

8243 

16 Line I/O Expander 

Low Cost I/O Exapnder 

Standard ROMs 

8308 

1 K x 8 450 ns 


Allow low cost external 


8316 A 

2K x 8 850 ns 


expansion of Program 
Memory. The 8308 is 
interchangeable with 

8708. 

Standard EPROM 

8708 

IK x 8 450 ns Light Erasable 

User programmable and 





erasable. 

Standard RAMs 

8111 A-4 

256 x 4 450 ns Common I/O 

Data memory can be easily 


8101A-4 

256 x 4 450 ns Separate I/O 

expanded using standard 


5101 

256 x 4 650 ns CMOS 


NMOS RAMs. The 5101 

CMOS equivalent reduces 
standby power to 

75 nW/bit 

Standard I/O 

8212 

8-Bit I/O Port 


Serves as Address Latch or 

I/O port. 


8255A 

Programmable Peripheral Interface 

Three 8-bit programmable 





I/O ports. 


8251 

Programmable Communicating 

Interface 

Serial Communications 
Receiver/Transmitter 

Standard Perhiperals 

8205 

1 of 8 Binary Decoder 


MCS-80 peripheral devices 


8214 

Priority Interrupt Controller 


are compatible with the 


8216 

Bi-directional Bus Driver 


MCS-48 allowing easy 


8226 

Bi-directional Bus Driver (Inverting) 

addition of such 


8253 

Programmable Interval Timer 


specialized interfaces as 


8259 

Programmable Interrupt Controller 

the 8279 Keyboard/Display 


8279 

Programmable Keyboard/Display 

Interface. Future MCS-80 



Interface 


devices will also be 
compatible. 


MCS-48™ MICROCOMPUTER COMPONENTS 
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THE EXPANDED MCS-48™ SYSTEM 


The chart above shows the various expan¬ 
sion possibilities using the 8048/8748 or the 
8035 in various combinations with the 
8355/8755 Program Memory and I/O Ex¬ 
pander and the 8155 Data Memory and I/O 
Expander. Data Memory can be expanded 
beyond the resident 64 words in blocks of 256 
by adding 8155’s. Program Memory can be 
expanded beyond the resident IK in blocks 


of 1K by using the 8355/8755 in combination 
with the 8035 or 8048. Since the 8355 
contains 2K words the 8035 is needed to fill in 
the “gaps”. For program memory of 1K or less 
use the 8048. For programing in the 1 to 2K 
range use an 8035/8355 combination and for 
the 2 to 3K range use an 8048/8355 
combination. 
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1.1 The Functions of a Computer 

This chapter introduces certain basic com¬ 
puter concepts. It provides background 
information and definitions which will be 
useful in later chapters of this manual. Those 
already familiar with computers may skip this 
material, at their option. 

1.1.1 A Typical Computer System 

A typical digital computer consists of: 

A central processor unit (CPU) 

Program Memory 

Data Memory 

Input/output (I/O) ports 

The processor memory serves as a place to 
store Instructions, the coded pieces of 
information that direct the activities of the 
CPU, while Memory stores the Data, the 
coded pieces of information that are 
processed by the CPU. A group of logically 
related instructions stored in memory is 
referred to as a Program. The CPU “reads” 
each instruction from memory in a logically 
determined sequence, and uses it to initiate 
processing actions. If the program sequence 
is coherent and logical, processing the 
program will produce intelligible and useful 
results. The program must be organized such 
that the CPU does not read a non-instruction 
word when it expects to see an instruction. 

The CPU can rapidly access any data stored 
in memory; but often the memory is not large 
enough to store the entire data bank required 
for a particular application. The problem can 
be resolved by providing the computer with 
one or more Input Ports. The CPU can 
address these ports and input the data 
contained there. The addition of input ports 
enables the computer to receive information 
from external equipment (such as a paper 
tape reader or floppy disk) at high rates of 
speed and in large volumes. 

A computer also requires one or more Output 
Ports that permit the CPU to communicate 
the result of its processing to the outside 
world. The output may go to a display, for use 
by a human operator, to a peripheral device 
that produces “hard-copy”, such as a line- 


printer, to a peripheral storage device, such 
as a floppy disk unit, or the output may 
constitute process control signals that direct 
the operations of another system, such as an 
automated assembly line. Like input ports, 
output ports are addressable. The input and 
output ports together permit the processor to 
communicate with the outside world. 

The CPU unifies the system. It controls the 
functions performed by the other compon¬ 
ents. The CPU must be able to fetch 
instructions from memory, decode their 
binary contents and execute them. It must 
also be able to reference memory and I/O 
ports as necessary in the execution of 
instructions. In addition, the CPU should be 
able to recognize and respond to certain 
external control signals, such as INTER¬ 
RUPT requests. The functional units within a 
CPU that enable it to perform these functions 
are described below. 

1.1.2 The Architecture of a CPU 

A typical central processor unit (CPU) 
consists of the following interconnected 
functional units: 

Registers 

Arithmetic/Logic Unit (ALU) 

Control Circuitry 

Registers are temporary storage units within 
the CPU. Some registers, such as the 
program counter and instruction register, 
have dedicated uses. Other registers, such as 
the accumulator, are for more general 
purpose use. 

Accumulator 

The accumulator usually stores one of the 
operands to be manipulated by the ALU. A 
typical instruction might direct the ALU to 
add the contents of some other register to the 
contents of the accumulator and store the 
result in the accumulator itself. In general, 
the accumulator is both a source (operand) 
and a destination (result) register. Often a 
CPU will include a number of additional 
general purpose registers that can be used to 
store operands or intermediate data. The 
availability of general purpose registers 
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eliminates the need to “shuffle” intermediate 
results back and forth between memory and 
the accumulator, thus improving processing 
speed and efficiency. 

Program Counter (Jumps, Subroutines and 
the Stack): 

The instructions that make up a program are 
stored in the system’s memory. The central 
processor references the contents of mem¬ 
ory in order to determine what action is 
appropriate. This means that the processor 
must know which location contains the next 
instruction. 

Each of the locations in memory is 
numbered, to distinguish it from all other 
locations in memory. The number which 
identifies a memory location is called its 
Address. The processor maintains a counter 
which contains the address of the next 
program instruction. This register is called 
the Program Counter. The processor up¬ 
dates the program counter by adding “1” to 
the counter each time it fetches an 
instruction, so that the program counter is 
always current (pointing to the next instruc¬ 
tion). 

The programmer therefore stores his instruc¬ 
tions in numerically adjacent addresses, so 
that the lower addresses contain the first 
instructions to be executed and the higher 
addresses contain later instructions. The 
only time the programmer may violate this 
sequential rule is when an instruction in one 
section of memory is a Jump instruction to 
another section of memory. 

A jump instruction contains the address of 
the instruction which is to follow it. The next 
instruction may be stored in any memory 
location, as long as the programmed jump 
specifies the correct address. During the 
execution of a jump instruction, the proces¬ 
sor replaces the contents of its program 
counter with the address embodied in the 
Jump. Thus, the logical continuity of the 
program is maintained. 

A special kind of program jump occurs when 
the stored program “Calls” a subroutine. In 


this kind of jump, the processor is required to 
“remember” the contents of the program 
counter at the time that the jump occurs. This 
enables the processor to resume execution 
of the main program when it is finished with 
the last instruction of the subroutine. 

A Subroutine is a program within a program. 
Usually it is a general-purpose set of 
instructions that must be executed repeat¬ 
edly in the course of a main program. 
Routines which calculate the square, the 
sine, or the logarithm of a program variable 
are good examples of functions often written 
as subroutines. Other examples might be 
programs designed for inputting data to a 
particular peripheral device. 

The processor has a special way of handling 
subroutines, in order to insure an orderly 
return to the main program. When the 
processor receives a Call instruction, it 
increments the Program Counter and stores 
the counter’s contents in a reserved memory 
area known as the Stack. The Stack thus 
saves the address of the instruction to be 
executed after the subroutine is completed. 
Then the processor loads the address 
specified in the Call into its Program Counter. 
The next instruction fetched will therefore be 
the first step of the subroutine. 

The last instruction in any subroutine is a 
Return. Such an instruction need specify no 
address. When the processor fetches a 
Return instruction, it simply replaces the 
current contents of the Program Counter 
with the address on the top of the stack. This 
causes the processor to resume execution of 
the calling program at the point immediately 
following the original Call instruction. 

Subroutines are often Nested; that is, one 
subroutine will sometimes call a second 
subroutine. The second may call a third, and 
so on. This is perfectly acceptable, as long as 
the processor has enough capacity to store 
the necessary return addresses, and the 
logical provision for doing so. In other words, 
the maximum depth of nesting is determined 
by the depth of the stack itself. If the stack has 
space for storing three return addresses, then 


1-6 




INTRODUCTION 


three levels of subroutines may be ac¬ 
commodated. 

Instruction Register and Decoder 

Every computer has a Word Length that is 
characteristic of that machine. A computer’s 
word length is usually determined by the size 
of its internal storage elements and intercon¬ 
necting paths (referred to as Buses); for 
example, a computer whose registers and 
buses can store and transfer 8-bits of 
information has a characteristic word length 
of 8-bits and is referred to as an 8-bit parallel 
processor. An 8-bit parallel processor gener¬ 
ally finds it most efficient to deal with 8-bit 
binary fields, and the memory associated 
with such a processor is therefore organized 
to store 8-bits in each addressable memory 
location. Data and instructions are stored in 
memory as 8-bit binary numbers, or as 
numbers that are integral multiples of 8-bits: 
16-bits, 24-bits, and so on. This characteristic 
8-bit field is often referred to as a Byte. If 
however, efficient handling of 4 or even 1-bit 
data is necessary special processor instruc¬ 
tions can provide this capability. 

Each operation that the processor can 
perform is identified by a unique byte of data 
known as an Instruction Code or Operation 
Code. An 8-bit word used as an instruction 
code can distinguish between 256 alternative 
actions, more than adequate for most 
processors. 

The processor fetches an instruction in two 
distinct operations. First, the processor 
transmits the address in its Program Counter 
to the program memory. Then the program 
memory returns the addressed byte to the 
processor. The CPU stores this instruction 
byte in a register known as the Instruction 
Register, and uses it to direct activities during 
the remainder of the instruction execution. 

The 8-bits stored in the instruction register 
can be decoded and used to selectively 
activate one of a number of output lines. Each 
line represents a set of activities associated 
with execution of a particular instruction 
code. The enabled line can be combined with 
selected timing pulses, to develop electrical 


signals that can then be used to initiate 
specific actions. This translation of code into 
action is performed by the Instruction 
Decoder and by the associated control 
circuitry. 

An 8-bit instruction code is often sufficient to 
specify a particular processing action. There 
are times, however, when execution of the 
instruction requires more information than 8- 
bits can convey. 

One example of this is when the instruction 
references a memory location. The basic 
instruction code identifies the operation to be 
performed, but cannot specify the object 
address as well. In a case like this, a two byte 
instruction must be used. Successive instruc¬ 
tion bytes are stored in sequentially adjacent 
memory locations, and the processor per¬ 
forms two fetches in succession to obtain the 
full instruction. The first byte retrieved from 
memory is placed in the processor’s instruc¬ 
tion register, and subsequent byte is placed 
in temporary storage; the processor then 
proceeds with the execution phase. 

Address Register(s) 

A CPU may use a register to hold the address 
of a memory location that is to be accessed 
for data. If the address register is Program¬ 
mable, (i.e., if there are instructions that allow 
the programmer to alter the contents of the 
register) the program can “build” an address 
in the address register prior to executing a 
Memory Reference instruction (i.e., an 
instruction that reads data from memory, 
writes data to memory or operates on data 
stored in memory). 

Arithmetic/Logic Unit (ALU) 

All processors contain an arithmetic/logic 
unit, which is often referred to simply as the 
ALU. The ALU, as its name implies, is that 
portion of the CPU hardware which performs 
the arithmetic and logical operations on the 
binary data. 

The ALU must contain an Adder which is 
capable of combining the contents of two 
registers in accordance with the logic of 
binary arithmetic. This provision permits the 
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processor to perform arithmetic manipu¬ 
lations on the data it obtains from memory 
and from its other inputs. 

Using only the basic adder a capable 
programmer can write routines which will 
subtract, multiply and divide, giving the 
machine complete arithmetic capabilities. 
In practice, however, most ALUs provide 
other built-in functions, including boolean 
logic operations, and shift capabilities. 

The ALU contains Flag Bits which specify 
certain conditions that arise in the course of 
arithmetic and logical manipulations. It is 
possible to program jumps which are 
conditionally dependent on the status of one 
or more flags. Thus, for example, the 
program may be designed to jump to a 
special routine if the carry bit is set following 
an additional instruction. 

Control Circuitry 

The control circuitry is the primary functional 
unit within a CPU. Using clock inputs, the 
control circuitry maintains the proper se¬ 
quence of events required for any processing 
task. After an instruction is fetched and 
decoded, the control circuitry issues the 
appropriate signals (to units both internal 
and external to the CPU) for initiating the 
proper processing action. Often the control 
circuitry will be capable of responding to 
external signals, such as an interrupt. An 
Interrupt request will cause the control 
circuitry to temporarily interrupt main pro¬ 
gram execution, jump to a special routine to 
service the interrupting device, then auto¬ 
matically return to the main program. 

1.1.3 Computer Operations 

There are certain operations that are basic to 
almost any computer. A sound understand¬ 
ing of these basic operations is a necessary 
prerequisite to examining the specific 
operations of a particular computer. 

Timing 

The activities of the central processor are 
cyclical. The processor fetches an instruc¬ 
tion, performs the operations required, 


fetches the next instruction, and so on. This 
orderly sequence of events requires precise 
timing, and the CPU therefore requires afree 
running oscillator clock which furnishes the 
reference for all processor actions. The 
combined fetch and execution of a single 
instruction is referred to as an Instruction 
Cycle. The portion of a cycle identified with a 
clearly defined activity is called a State. And 
the interval between pulses of the timing 
oscillator is referred to as a Clock Period. As 
a general rule, one or more clock periods are 
necessary for the completion of a state, and 
there are several states in a cycle. 

Instruction Fetch 

The first state(s) of any instruction cycle will 
be dedicated to fetching the next instruction. 
The CPU issues a read signal and the 
contents of the program counter are sent to 
program memory, which responds by 
returning the next instruction word. The first 
byte of the instruction is placed in the 
instruction register. If the instruction con¬ 
sists of more than one byte, additional states 
are required to fetch the second byte of the 
instruction. When the entire instruction is 
present in the CPU, the program counter is 
incremented (in preparation for the next 
instruction fetch) and the instruction is 
decoded. The operation specified in the 
instruction will be executed in the remaining 
states of the instruction cycle. The instruc¬ 
tion may call for a data memory read or write, 
an input or output and/or an internal CPU 
operation, such as a register-to-register 
transfer or an add operation. 

Memory Read 

An instruction fetch is merely a special 
program memory read operation that brings 
the instruction to the CPU’s instruction 
register. The instruction fetched may then 
call for data to be read from data memory 
into the CPU. The CPU again issues a read 
signal and sends the proper memory 
address; memory responds by returning the 
requested word. The data received is placed 
in the accumulator or one of the other 
general purpose registers (not the instruc¬ 
tion register). 
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Memory Write 

A memory write operation is similar to a read 
except for the direction of data flow. The 
CPU issues a write signal, sends the proper 
memory address, then sends the data word 
to be written into the addressed data memory 
location. 

Input/Output 

Input and Output operations are similar to 
memory read and write operations with the 
exception that an I/O port is addressed 
instead of a memory location. The CPU 
issues the appropriate input or output 
control signal, sends the proper address and 
either receives the data being input or sends 
the data to be output. 

Data can be input/output in either parallel or 
serial form. All data within a digital computer 
is represented in binary coded form. A binary 
data word consists of a group of bits; each bit 
is either a one or a zero. Parallel I/O consists 
of transferring all bits in the word atthesame 
time, one bit per line. Serial I/O consists of 
transferring one bit at a time on a single line. 
Naturally serial I/O is much slower, but it 
requires considerable less hardware than 
does parallel I/O. 

Interrupts 

Interrupt provisions are included on many 
central processors, as a means of improving 


the processor’s efficiency. Consider the case 
of a computer that is processing a large 
volume of data, portions of which are to be 
output to a printer. The CPU can output a 
byte of data within a single machine cycle but 
it may take the printer the equivalent of many 
machine cycles to actually print the char¬ 
acter specified by the data byte. The CPU 
could then remain idle waiting until the 
printer can accept the next data byte. If an 
interrupt capability is implemented on the 
computer, the CPU can output a data byte 
then return to data processing. When the 
printer is ready to accept the next data byte, it 
can request an interrupt. When the CPU 
acknowledges the interrupt, it suspends 
main program execution and automatically 
branches to a routine that will output the next 
data byte. After the byte is output, the CPU 
continues with main program execution. 
Note that this is, in principle, quite similar to a 
subroutine call, except that the jump is 
initiated externally rather than by the 
program. 

More complex interrupt structures are 
possible, in which several interrupting 
devices share the same processor but have 
different priority levels. Interruptive proces¬ 
sing is an important feature that enables 
maximum utilization of a processor’s capa¬ 
city for high system throughput. 
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1.2 Programming a Microcomputer 

1.2.1 Machine Language Programming 

A microprocessor is instructed what to do by 
programming it with a series of instructions 
stored in Program Memory. The processor 
fetches these instructions one at a time and 
performs the operation indicated. These 
instructions must be stored in a form that the 
processor can understand. This format is 
referred to as Machine Language. For most 
microprocessors this instruction is a group 
of 8 binary bits (Ts and 0’s) called a word 
(also called a byte if the word is 8-bits). Some 
instructions require more than one location 
in Program Memory. To execute a multi-byte 
instruction, the processor must execute 
multiple fetches of program memory before 
performing the instruction. Because multi¬ 
byte instructions take more Program Mem¬ 
ory and take longer to execute than single 
byte instructions their use is usually kept to a 
minimum. 

A processor may be programmed by 
writing a sequence of instructions in the 
binary code (ones and zeros) which the 
machine can interpret directly. This is 
machine language programming and it is 
very useful where the program to be written 
is small and the application requires that 
the designer have an intimate knowledge of 
the microprocessor. Machine language pro¬ 
gramming allows the user, because of his 
detailed knowledge, to use many program¬ 
ming “tricks” to produce the most compact 
and efficient code possible. 

The following is an example of a machine 
language program: This program reads 5 
sequential 8-bit words in from an I/O port 
and stores them sequentially in data 
memory. The program starts by initializing 
two registers, one which determines where 
the data is to be stored and another which 


counts the number of words to be stored. 
When finished the processor continues on 
to the next instructions. 


Step Machine 

Number Code 

0 1011 1000 

1 0010 0000 

2 1011 1010 

3 0000 0101 

4 0000 1001 

5 1111 0000 


6 0001 1000 

7 1110 1010 

8 0000 0100 

9 - 

10 — 


Explanation 

Load decimal 32 in 
register R0 

Load decimal 5 in 
register R2 

Load Port 1 to accu¬ 
mulator 

Transfer contents of 
accumulator to reg¬ 
ister addressed by 
register 0 

Increment R0 by 1 

Decrement register 2 
by 1, if result is zero 
continue to step 9, if 
not go to step 4 


As you can see, writing machine instruc¬ 
tions in ones and zeros can be very 
laborious and subject to error. It is almost 
always more efficient to represent each 8- 
bits if machine language code in a 
shorthand format called Hexadecimal. 
The term hexadecimal results from the 
character set used in hexadecimal notation. 
Hexadecimal is merely an extension of the 
normal decimal numbers by the addition of 
the first six letters of the alphabet. This 
gives a total of 16 different characters. Each 
hexadecimal “digit” can represent 16 
values or the equivalent of four binary bits; 
therefore, each 8-bit machine language 
word can be represented by 2 hexadecimal 
(hex for short) digits. The correspondence 
among the decimal, binary, and hex 
number systems is given below: 
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?cimal 

Hex 

Binary 

0 

0 

0000 

1 

1 

0001 

2 

2 

0010 

3 

3 

0011 

4 

4 

0100 

5 

5 

0101 

6 

6 

0110 

7 

7 

0111 

8 

8 

1000 

9 

9 

1001 

10 

A 

1010 

11 

B 

1011 

12 

C 

1100 

13 

D 

1101 

14 

E 

1110 

15 

F 

1111 

machine 

language 

program 


becomes: 


Step Hex Code 

0 B8 

1 20 

2 BA 

3 05 

4 09 

5 F0 

6 18 

7 EA 

8 04 

This coding is now quite efficient to write 
and read and coding errors are much easier 
to detect. Hex coding is usually very 
efficient for small programs (afew hundred 
lines of code) however, it does have two 
major limitations in larger programs: 

1. Hex coding is not self-documenting, that 
is, the code itself does not give any indication 
in human terms of the operation to be 
performed. The user must learn each code or 
constantly use a Program Reference Card to 
convert. 

2. Hex coding is absolute, that is, the 
program will work only when stored in a 
specific location in program memory. This is 
because the branch or jump instructions in 
the program reference specific addresses 
elsewhere in the program. In the example 
above steps 7 and 8 reference step (or 
address) 4. If the program were to be moved, 


step 8 would have to be changed to refer to 
the new address of step 4. 

1.2.2 Assembly Language Programming 

Assembly language overcomes the dis¬ 
advantages of machine language by allowing 
the use of alphanumeric symbols to repre¬ 
sent machine operation codes, branch 
addresses, and other operands. For example, 
the instruction to increment the contents of 
register 0 becomes INC R0 instead of the hex 
18, giving the user at a glance the meaning of 
the instruction. Our example program can be 
written in assembly language as follows: 


Step No. 

Hex Code 

Assembly Code 

0 

B8 

MOV R0, #32 

1 

20 


2 

BA 

MOV R2, #05 

3 

05 


4 

09 INP: 

IN A, PI 

5 

F0 

MOV @R0, A 

6 

18 

INC R0 

7 

EA 

DJNZ R2, INP 

8 

04 



The first statement can be verbalized as 
follows: Move to Register 0 the decimal 
number 32. Move instructions are always 
structured such that the destination is first 
and the source is second. The pound sign “#” 
indicates that the source is “immediate” data 
(data contained in the following byte of 
program memory). In this case data was 
specified as a decimal 32, however, this could 
have been written as a hex 20H or a binary 
0010 0000B since the assembler will accept 
either form. Notice also that in this instance 
two lines of hex code are represented by one 
line of assembly code. 

The input instruction IN A, PI has the same 
form as a MOV instruction indicating that the 
contents of Port 1 are to be transferred to the 
accumulator. In front of the input instruction 
is an address table which is delineated by a 
colon. This lable allows the program to be 
written in a form independent of its final 
location in program memory since the 
branch instruction at the end of the program 
can refer to this lable rather than a specific 
address. This is a very important advantage 
of assembly language programs since it 
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allows instructions to be added or deleted 
throughout the program during debugging 
without requiring that any jump addresses be 
changed. 

The next instruction MOV @R0, A can be 
verbalized as, Move to the data memory 
location addressed by RO, the contents of the 
accumulator. The @ sign indicates an 
indirect operation whereby the contents of 
either register 0 or register 1 acts as a pointer 
to the data memory location to be operated 
on. 

The last instruction is a Decrement and Jump 
if Not Zero instruction which acts in 
combination with the specified register as a 
loop counter. In this case register 2 is loaded 
with 5 initially and then decremented by one 
each time the loop is executed. If the result of 
the decrement is not zero, the program jumps 
to INP and executes another input operation. 
The fifth time thru the loop the result is zero 
and execution falls through to whatever 
routine follows the DJNZ instruction. 

In addition to the normal features provided 
by assemblers, more advanced assemblers 
such as that for the MCS-48 offer such things 
as evaluation of expressions at assembly 
time, conditional assembly, and macro 
capability. 

1. Evaluation of Expressions - Certain 
assemblers allow the use of arithmetic 
expressions and multiple symbols in the 
operand portion of instructions. For instance 
the MCS-48 assembler accepts instructions 
such as: 

ADD A, # ALFA*BETA/2 

ALFA and BETA are two previously defined 
symbols. At assembly time the expression 
ALFA*BETA/2 will be evaluated and the 
resulting number (which is the average of 
ALFA and BETA) will be treated as 
immediate data and designated as the 
second byte of the ADD immediate instruc¬ 
tion. This expression has allowed the 
immediate data of this instruction to be 
defined in a single statement and eliminated 
the need for a third symbol equal to 
ALFA*BETA/2. 


2. Conditional Assembly - Conditional as¬ 
sembly allows the programmer to select only 
certain portions of his assembly language 
(source) program for conversion to machine 
(object) code at assembly time. This allows 
for instance, the inclusion of various “debug” 
routines to be included in the program during 
development. Using conditional assembly, 
they can then be left out when the final 
assembly is done. 

Conditional assembly also allows several 
versions of one basic program to be 
generated by selecting various portions of a 
larger program at assembly time. 

3. Macro’s - A macro instruction is essen¬ 
tially a symbol which is recognized by the 
assembler to represent a specific sequence 
of several standard instructions. A macro is a 
shorthand way of generating the same 
sequence of instructions at several locations 
in a program without having to rewrite the 
sequence each time it is used. For example, a 
typical macro instruction might be one which 
performs a subtract operation. The 8048 does 
not have a subtract instruction as such but 
the operation can be performed easily with 
three instructions: 

CPL A 

ADD A, REG 

CPL A 

This routine subtracts a register from the 
accumulator and leaves the result in the 
accumulator. This sequence can be defined 
as a macro with the name SUB and an 
operand which can be ROto R7. To subtract 
R7 from the accumulator then, the program¬ 
mer merely has to write: 

SUB R7 

and the assembler will automatically insert 
the three instructions above with R7 substi¬ 
tuted for REG. 

Once the assembly language source code is 
written it can be converted to machine 
executable object code by passing it through 
an assembler program. The MCS-48 assem¬ 
bler is a program which runs on the 8080- 
based Intellec MDS system explained in the 
next section. 
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1-3 Developing An MCS-48™ Based 
Product 

Although the development of a microcom¬ 
puter based product may differ in detail from 
the development cycle of a product based on 
TTL logic or relays, the basic procedures are 
the same — only the tools are different. 

1.3.1 Education 

The first step of course is to become familiar 
with what the microcomputer is and what it 
can do. The first step in this education is this 
document, the MCS-48™ User’s Manual. The 
user’s manual gives a detailed description of 
the MCS-48 family of components and how 
they may be used in various system configu¬ 
rations. Also included is a description of the 
8048 instruction set and examples of 
how the instructions may be used. For a more 
complete discussion of the instruction set 
and programming techniques the MCS-48 
Assembly Language Manual is also available. 

If time is critical in getting started in 
microcomputers, individuals can attend one 
of many Intel sponsored 3-day training 
courses which give basic instruction in the 
MCS-48 as well as hands-on experience with 
MCS-48 development systems. These 
courses are a convenient means of getting 
started with the MCS-48, particularly for 
those not familiar with microprocessors. 

After general familiarization is complete, 
either through self-instruction or a training 
course, the next step is to gain a better “feel” 
for what a microprocessor can do in your 
own applications by writing several exercise 
programs which perform basic functions. 
You may require such things as I/O routines, 
delays, counting functions, look-up tables, 
arithmetic functions, and logical operations 
which can serve as a set of building blocks for 
future applications programs. Several basic 
programming examples are included in the 
MCS-48 Assembly Language Manual while 
the Intel User’s Library is a source of more 
specific applications routines. 

1.3.2 Function Definition 

After a thorough understanding of the 


microprocessor is achieved, the functions to 
be implemented can be defined using a 
flowchart method to describe each basic 
system function and the sequence in which 
the processor executes these functions. 
Once the system is flowcharted, critical time- 
related functions can be identified and 
sample programs written to verify that 
performance requirements can be met. 

1.3.3 Hardware Configuration 

The next step involves the definition of the 
microcomputer hardware required to imple¬ 
ment the function. Input/Output capability 
must be defined in termsof number of inputs, 
number of outputs, bi-directional lines, 
latching or non-latching I/O, output drive 
capability, and input impedance. The num¬ 
ber of words of RAM storage required for 
intermediate results and data storage must 
then be determined. The type of system will 
dictate whether battery backup is needed to 
maintain data RAM during power failure. 

Probably the most difficult parameter to 
define initially is the amount of program 
memory needed to store the applications 
program. Although previously written exer¬ 
cise programs will make this estimate more 
accurate, a generous amount of “breathing 
room” should be allowed in program memory 
until coding is complete and the exact 
requirements are known. Many special 
functions such as serial communications 
(TTY) or keyboard/display interfaces may be 
implemented in software (programs); how¬ 
ever, in cases where these functions place a 
severe load on the processor in terms of time 
or program memory, special peripheral 
interface circuits such as the 8251, Universal 
Synchronous or Asychronous Receiver/ 
Transmitter (USART) or 8279 Keyboard/ 
Display interface may be used. 

1.3.4 Code Generation 

The writing of the final program code for the 
application can begin once the system 
function and hardware have been defined 
and can be generated in parallel with the 
detailed hardware design (PC card layout, 
power supply, etc.) 
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At this point, there are two paths available to 
the designer/programmer and two types of 
design development aids provided by Intel to 
simplify the procedures. One system, called 
PROMPT 48, is a low cost development 
system which supports machine language 
programming and the second is the Intellec 
Microcomputer Development System which 
supports both machine and assembly langu¬ 
ages. For those of you unfamiliar with the 
advantages and disadvantages of machine 
and assembly languages see Section 1.2. 

1.3.5 PROMPT 48 

PROMPT 48 is a low cost design aid 
consisting of: an 8748 processor to execute 
programs, control circuitry to provide debug 
functions such as single step and break 
points, a monitor program stored in ROM, 
an EPROM programmer, and a hexa¬ 
decimal keyboard and display. There are two 
processor sockets on the front of PROMPT 
48, one for programming the 8748 and one in 


which a programmed 8748 executes its 
program while under control of the monitor 
routine. 

Use of PROMPT 48 involves the following 
steps: 

1. Loading an application program into the 
PROMPT RAM memory via Hex keyboard or 
external terminal (TTY and RS232 interface 
provided). 

2. Inserting an erased 8748 in the program¬ 
ming socket and transferring the application 
program to its internal EPROM. 

3. Transferring programmed 8748 to execu¬ 
tion socket where program is executed and 
debugged under control of the monitor. 

The monitor routine allows the user to single 
step this processor, examine or modify all 
internal registers and data memory; or to run 
at full speed and stop the processor at 
predetermined breakpoints. PROMPT 48 
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also provides IK of writeable program 
memory which may be used to debug user 
programs. A multiple single step feature 
is also provided in which the processor steps 
through its program dumping all internal 
contents to external RAM where it may be 
later displayed or typed out on an external 
terminal. Paper tape input and output in 
Intel’s hexadecimal format is also available 
through the TTY. 

1.3.6 Intellec Development System 

The Intellec Microcomputer Development 
System is a modular development system 
which can be expanded as necessary to meet 
the requirements of your design cycle. The 
system consists of the processor unit which 
is based on Intel’s 8080A microprocessor, 
and several optional units such as the UPP 
Universal PROM Programmer, the PTR High 
Speed Paper tape reader, the DOS Disk 
Operating System, and the Intellec CRT 
terminal. 

To support the development of MCS-48 
systems a macro-assembler ASM 48 is 
available for the Intellec System as well as a 
personality module for the UPP which will 
program the EPROM of the 8748. Also to be 
provided is in-circuit emulation capability 
with ICE-48 which will allow emulation and 
debug of user’s 8048 application programs 
on the 8080A-based Intellec Development 
System. 

The Intellec system is a flexible high 
performance development system which can 
support Intel’s various microcomputer fami¬ 
lies with various optional modules. The 


macro-assembler and text editor programs 
provided allow the designer to write and edit 
his programs in assembly language and then 
generate the machine language output 
necessary to program the 8748 EPROM. The 
availability of a high speed CRT and a 
diskette operating system eliminates the 
laborious input and output of paper tape files 
normally required during the assembly 
process. Finally, ICE 48 allows the user to 
extend the resources of his entire Intellec 
system into the 8048 socket of his own 
system and use all its emulation, debug, and 
display facilities directly. 

1.3.7 Production 

Once a working program has been achieved, 
a preproduction phase usually follows where 
several prototype systems are evaluated in 
simulated situations or in actual operation in 
the field. During this period the use of the 
8748 EPROM allows quick alteration of the 
application program when problems or 
suggested changes arise. Depending on the 
magnitude and number of future changes 
anticipated, the first production units may 
also be shipped with EPROM processor. 
However, to achieve the maximum cost 
reduction potential in high volume appli¬ 
cations, a conversion to the 8048 ROM is 
usually necessary. This is an easy transition 
since the 8048 and 8748 are pin and machine 
code compatible equivalents. The user 
merely develops a hexadecimal tape of his 
8748 program memory contents using his 
Intellec System or PROMPT 48 development 
aid and sends it to Intel along with his 8048 
order. As the 8048 ROM’s arrive they can 
immediately replace the 8748 EPROMs. 
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2.0 Summary 

The following sections describe in detail the 
functional characteristics of the 8748 EPROM, 
8048 ROM and 8035 single component micro¬ 
computers. Unless otherwise noted, the follow¬ 
ing details apply to all three versions. This 
chapter is limited to those functions useful in 
single-chip implementations of the MCS-48. 
Chapter 3 discusses functions which allow 
expansion of program memory, data memory, 
and input-output capability. 

2.1 Architecture 

The following sections break the 8048 into 
functional blocks and describe each in detail. 

2.1.1 Arithmetic Section 

The arithmetic section of the processor con¬ 
tains the basic data manipulation functions of 
the 8048 and can be divided into the following 
blocks: 

Arithmetic Logic Unit (ALU) 

Accumulator 
Carry Flag 
Instruction Decoder 

In a typical operation data stored in the 
accumulator is combined in the ALU with data 
from another source on the internal bus (such 
as a register or I/O port) and the result is 
stored in the accumulator or another register. 
The following is a more detailed description of 
the function of each block: 

Instruction Decoder 

The operation code (op code) portion of each 
program instruction is stored in the Instruction 
Decoder and converted to outputs which 
control the function of each of the blocks of 
the Arithmetic Section. These lines control 
the source of data and the destination register 
as well as the function performed in the ALU. 


Arithmetic Logic Unit 

The ALU accepts 8-bit data words from one 
or two sources and generates an 8-bit result 
under control of the Instruction Decoder. 
The ALU can perform the following functions: 

Add With or Without Carry 
And, OR, Exclusive OR 
Increment/Decrement 
Bit Complement 
Rotate Left, Right 
Swap Nibbles 
BCD Decimal Adjust 

If the operation performed by the ALU results 
in a value represented by more than 8 bits 
(overflow of most significant bit) a Carry Flag 
is set in the Program Status Word. 

Accumulator 

The accumulator is the single most important 
data register in the processor being one of the 
sources of input to the ALU and often the 
destination of the result of operations per¬ 
formed in the ALU. Data to and from I/O ports 
and memory also normally passes through 
the accumulator. 

2.1.2 Program Memory 

Resident program memory consists of 1024 
words eight bits wide which are addressed by 
the program counter. In the 8748 this memory 
is user programmable and erasable EPROM, 
in the 8048 the memory is ROM which is 
mask programmable at the factory, while the 
8035 has no internal program memory and 
is used with external devices. Program code 
is completely interchangeable among the three 
versions. See Sec. 2.3 for EPROM program¬ 
ming techniques. 


2-1 



SINGLE COMPONENT SYSTEM 



8048 BLOCK DIAGRAM 
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There are three locations in Program Memory 
of special importance: 

LOCATION 0 

Activating the Reset line of the processor 
causes the first instruction to be fetched 
from location 0. 

LOCATION 3 

Activating the Interrupt input line of the 
processor (if interrupt is enabled) causes a 
jump to subroutine. 

LOCATION 7 

A timer/counter interrupt resulting from 
timer/counter overflow (if enabled) causes 
a jump to subroutine. 

Therefore, the first instruction to be executed 
after initialization is stored in location 0, the 
first word of an external interrupt service 
subroutine is stored in location 3, and the first 
word of a timer/counter service routine is 
stored in location 7. Program memory can be 
used to store constants as well as program 
instructions. Instructions such as MOVP and 
MOVP3 allow easy access to data “lookup" 
tables. 

2.1.3 Data Memory 

Resident data memory is organized as 64 
words 8 bits wide. All 64 locations are indirectly 
addressable through either of two RAM Pointer 
Registers which reside at address 0 and 1 of 
the register array. In addition, the first 8 
locations (0-7) of the array are designated as 
working registers and are directly addressable 
by several instructions. Since these registers 
are more easily addressed, they are usually 
used to store frequently accessed intermediate 
results. The DJNZ instruction makes very 
efficient use of the working registers as pro¬ 
gram loop counters by allowing the pro¬ 
grammer to decrement and test the register in 
a single instruction. 

By executing a Register Bank Switch instruc¬ 
tion (SEL RB) RAM locations 24-31 are 
designated as the working registers in place 
of locations 0-7 and are then directly address¬ 
able. This second bank of working registers 
may be used as an extension of the first bank 
or reserved for use during interrupt service 
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subroutines allowing the registers of Bank 0 
used in the main program to be instantly 
“saved” by a Bank Switch. Note that if this 
second bank is not used, locations 24-31 are 
still addressable as general purpose RAM. 
Since the two RAM pointer Registers RO and 
R1 are a part of the working register array, 
bank switching effectively creates two more 
pointer registers (RO’ and R1') which can be 
used with RO and R1 to easily access up to 
four separate working areas in Ram at one 
time. RAM locations (8-23) also serve a dual 
role in that they contain the program counter 
stack as explained in Sec. 2.1.6. These loca¬ 
tions are addressed by the Stack Pointer 
during subroutine calls as well as by RAM 
Pointer Registers RO and R1. If the level of 
subroutine nesting is less than 8, all stack 
registers are not required and can be used as 
general purpose RAM locations. Each level of 
subroutine nesting not used provides the user 
with two additional RAM locations. 

2.1.4 Input/Output 

The 8048 has 27 lines which can be used for 
input or output functions. These lines are 
grouped as 3 ports of 8 lines each which 
serve as either inputs, outputs or bidirectional 


ports and 3 “test” inputs which can alter 
program sequences when tested by conditional 
jump instructions. 

Ports 1 and 2 

Ports 1 and 2 are each 8 bits wide and have 
identical characteristics. Data written to these 
ports is statically latched and remains un¬ 
changed until rewritten. As input ports these 
lines are non latching, i.e., inputs must be 
present until read by an input instruction. 
Inputs are fully TTL compatible and outputs 
will drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi- 
bidirectional because of a special output 
circuit structure which allows each line to 
serve as an input, an output, or both even 
though outputs are statically latched. The 
figure shows the circuit configuration in detail. 
Each line is continuously pulled up to + 5v 
through a resistive device of relatively high 
impedance (~50Kfi). This pullup is sufficient 
to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for 
both input and output. To provide fast switching 
times in a “0” to “1” transition a relatively low 
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impedance device (~5Kfl) is switched in 
momentarily (~ 500ns) whenever a “1” is 
written to the line. When a “0” is written to the 
line a low impedance (~3KfI) device over¬ 
comes the light pullup and provides TTL 
current sinking capability. Since the pulldown 
transistor is a low impedance device a “1” 
must first be written to any line which is to be 
used as an input. Reset initializes all lines to 
the high impedance “1” state. This structure 
allows input and output on the same pin and 
also allows a mix of input lines and output 
lines on the same port. The quasi-bidirectional 
port in combination with the ANL and ORL 
logical instructions provide an efficient means 
for handling single line inputs and outputs 
within an 8-bit processor. 

Bus 

Bus is also an 8-bit port which is a true bi¬ 
directional port with associated input and 
output strobes. If the bidirectional feature is 
not needed, Bus can serve as either a statically 
latched output port or non-latching input port. 
Input and output lines on this port cannot be 
mixed however. 

As a static port, data is written and latched 
using the OUTL instruction and inputted using 
the INS instruction. The INS and OUTL instruc¬ 
tions generate pulses on the corresponding 
RD and WR output strobe lines; however, in 
the static port mode they are generally not 
used. As a bidirectional port the MOVX instruc¬ 
tions are used to read and write the port. A 
write to the port generates a pulse on the WR 
output line and output data is valid at the 
trailing edge of WR. A read of the port 
generates a pulse on the RD output line and 
input data must be valid at the trailing edge of 
RD. When not being written or read, the BUS 
lines are in a high impedance state. 

2.1.5 Test and INT Inputs 

Three pins serve as inputs and are testable 
with the conditional jump instruction. These 
are TO, T1, and INT. These pins allow inputs 


to cause program branches without the neces¬ 
sity to load an in put p ort into the accumulator. 
The TO, T1, and FFTT pins have other possible 
functions as well. See the pin description in 
Sec. 2.2. 

2.1.6 Program Counter and Stack 

The Program Counter is an independent 
counter while the Program Counter Stack is 
implemented using pairs of registers in the 
Data Memory Array. Only 10 bits of the Pro¬ 
gram Counter are used to address the 1024 
words of on-board program memory while the 
most significant two bits are used for external 
Program Memory fetches. The Program 
Counter is initialized to zero by activating the 
Reset line. 

An interrupt or CALL to a subroutine causes 
the contents of the program counter to be 
stored in one of the 8 register pairs of the 
Program Counter Stack. The pair to be used 
is determined by a 3-bit Stack Pointer which 
is part of the Program Status Word (PSW). 
Data RAM locations 8 thru 23 are available as 
stack registers and are used to store the 
Program Counter and 4 bits of PSW as 
shown in the figure. The Stack Pointer when 
initialized to 000 points to RAM locations 
8 and 9. The first subroutine jump or interrupt 
results in the program counter contents being 
transferred to locations 8 and 9 of the RAM 
array. The stack pointer is then incremented 
by one to point to locations 10 and 11 in 
anticipation of another CALL. Nesting of sub¬ 
routines within subroutines can continue up to 
8 times without overflowing the stack. If 
overflow does occur the deepest address 
stored (location 8 and 9) will be overwritten 
and lost since the stack pointer overflows 
from 111 to 000. It also underflows from 000 
to 111. 

The end of a subroutine, which is signalled by 
a return instruction (RET or RETR), causes 
the Stack Pointer to be decremented and the 
contents of the resulting register pair to be 
transferred to the Program Counter. 
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Conventional Program Counter 

• Counts 000H to 7FFH 

• Overflows 7FFH to 000H 
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2.1.7 Program Status Word 

An 8-bit status word which can be loaded to 
and from the accumulator exists called the 
Program Status Word (PSW). The accom¬ 
panying figure shows the information available 
in the word. The Program Status Word is 
actually a collection of flip-flops throughout 
the machine which can be read or written as a 
whole. The ability to write to PSW allows for 
easy restoration of machine status after a 
power down sequence. 

The upper four bits of PSW are stored in the 
Program Counter Stack with every jump to 
subroutine or interrupt vector and are optionally 
restored upon return with the RETR instruction. 
The RET return instruction does not update 
PSW. 


The PSW bit definitions are as follows: 


Bits 0 - 2: 

Stack Pointer bits (S 0 , St, S 2 ) 

Bit 3: 

Not used (“1” level when 
read) 

Bit 4: 

Working Register Bank Switch 
Bit (BS) 

0 = Bank 0 

1 = Bank 1 

Bit 5: 

Flag 0 bit (FO) user controlled 
flag which can be comple¬ 
mented or cleared, and tested 
with the conditional jump in¬ 
struction JFO. 

Bit 6: 

Auxiliary Carry (AC) carry bit 
generated by an ADD instruc¬ 
tion and used by the decimal 
adjust instruction DA A. 

Bit 7: 

Carry (CY) carry flag which 
indicates that the previous 
operation has resulted in over¬ 
flow of the accumulator. 


2.1.8 Conditional Branch Logic 

The conditional branch logic within the pro¬ 
cessor enables several conditions internal 
and external to the processor to be tested by 
the users program. By using the conditional 
jump instruction the following conditions can 
effect a change in the sequence of the 
program execution. 
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Device Testable 

Jump Conditions 
(Jump On) 

Accumulator 

All zeros 

not all 
zeros 

Accumulator Bit 

— 

1 

Carry Flag 

0 

1 

User Flags (F0, FI) 

— 

1 

Timer Overflow Flag 

— 

1 

Test Inputs (TO, T1) 

0 

1 

Interrupt Input (INT) 

0 

— 


2.1.9 Interrupt 

An interrupt sequence is initiated by applying 
a low “0” level input to the INT pin. Interrupt is 
level triggered and active low to allow “WIRE 
ORing” of several interrupt sources at the 
input pin. The Interrupt line is sampled every 
machine cycle during ALE and when detected 
causes a “jump to subroutine” at location 3 in 
program memory as soon as all cycles of the 
current instruction are complete. As in any 
CALL to subroutine, the Program Counter 


EXECUTED 


DIS I 

EXECUTED 
RESET- 



CONDITIONAL 
JUMP LOGIC 


I> 


S 

Q 


INT 


ENABLE 

R 





CH 



EXTERNAL 

INTERRUPT 

RECOGNIZED 


TIME 

INTERRUPT 

RECOGNIZED 


INTERRUPT LOGIC 
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and Program Status word are saved in the 
stack. For a description of this operation see 
the previous section, Program Counter and 
Stack. Program Memory location 3 usually 
contains an unconditional jump to an interrupt 
service subroutine elsewhere in program 
memory. The end of an interrupt service 
subroutine is signalled by the execution of a 
Return and Restore Status instruction RETR. 
The interrupt system is single level in that 
once an interrupt is detected all further inter¬ 
rupt requests are ignored until execution of an 
RETR re-enables the interrupt input logic. 
This occurs at the beginning of the second 
cycle of the RETR instruction. This sequence 
holds true also for an internal interrupt gener¬ 
ated by timer overflow. If an internal timer/ 
counter generated interrupt and an external 
interrupt are detected at the same time, the 
external source will be recognized. See the 
following Timer/Counter section for a descrip¬ 
tion of timer interrupt. If needed, a second 
external interrupt can be created by enabling 
the timer/counter interrupt, loading FFH in the 
Counter (one less than terminal count), and 
enabling the event counter mode. A “1” to “0” 
transition on the T1 input will then cause an 
interrupt vector to location 7. 

Interrupt Timing 

The interrupt input may be enabled or disabled 
under Program Control using the EN I and 
DIS I instructions. Interrupts are disabled by 
Reset and remain so until enabled by the 
users program. An interrupt request must be 
removed before the RETR instruction is ex¬ 
ecuted upon return from the service routine 
otherwise the processor will re-enter the ser¬ 
vice routine immediately. Many peripheral 
devices prevent this situation by resetting 
their interrupt request line whenever the pro¬ 
cessor accesses (Reads or Writes) the periph¬ 
erals data buffer register. If the interrupting 
device does not require access by the pro¬ 
cessor, one output line of the 8048 may be 
designated as an “interrupt acknowledge” 
which is activated by the service subroutine to 
reset the interrupt request. The INT pin may 
also be tested using the conditional jump 
instruction JNI. This instruction may be used 


to detect the presence of a pending interrupt 
before interrupts are enabled. If interrupt is 
left disabled, INT may be used as another test 
input like TO and T1. 

2.1.10 Timer/Counter 

The 8048 contains a counter to aid the user in 
counting external events and generating ac¬ 
curate time delays without placing a burden 
on the processor for these functions. In both 
modes the counter operation is the same, the 
only difference being the source of the input 
to the counter. 

Counter 

The 8-bit up binary counter is presettable and 
readable with two MOV instructions which 
transfer the contents of the accumulator to the 
counter and vice versa. The counter content is 
not affected by Reset and is initialized solely 
by the MOV T,A instruction. The counter is 
stopped by a Reset or STOP TCNT instruction 
and remains stopped until started as a timer 
by a START T instruction or as an event 
counter by a START CNT instruction. Once 
started the counter will increment to its maxi¬ 
mum count (FF) and overflow to zero contin¬ 
uing its count until stopped by a STOP TCNT 
instruction or Reset. 

The increment from maximum count to zero 
(overflow) results in the setting of an overflow 
flag flip-flop and in the generation of an 
interrupt request. The state of the overflow 
flag is testable with the conditional jump 
instruction JTF. The flag is reset by executing 
a JTF or by Reset. The interrupt request is 
stored in a latch and then ORed with the 
external interrupt input INT The timer interrupt 
may be enabled or disabled independently of 
external interrupt by the EN TCNTI and DIS 
TCNTI instructions. If enabled, the counter 
overflow will cause a subroutine call to location 
7 where the timer or counter service routine 
may be stored. If timer and external interrupts 
occur simultaneously, the external source will 
be recognized and the Call will be to location 
3. Since the timer interrupt is latched it will 
remain pending until the external device is 
serviced and immediately be recognized upon 
return for the service routine. The pending 
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PRESCALER 



TIMER/EVENT COUNTER 


timer interrupt is reset by the Call to location 7 
or may be removed by executing a DIS 
TCNTI instruction. 

As an Event Counter 

Execution of a START CNT instruction con¬ 
nects the T1 input pin to the counter input and 
enables the counter. Subsequent high to low 
transitions on T1 will cause the counter to 
increment. The maximum rate at which the 
counter may be incremented is once per 
three instruction cycles (every 7.5^sec when 
using a 6MHz crystal)—there is no minimum 
frequency. T1 input must remain high for at 
least 100ns after each transition. 

As a Timer 

Execution of a START T instruction connects 
an internal clock to the counter input and 
enables the counter. The internal clock is 
derived by passing the basic 400 KHz machine 
cycle clock ALE through a -p 32 prescaler. 
The prescaler is reset during the START T 
instruction. The resulting 12.5 KHz clock 
increments the counter every 80 /j-sec 
(assuming 6 MHz XTAL). Various delays 
between 80 ^sec and 20 msec (256 counts) 
can be obtained by presetting the counter and 
detecting overflow. Times longer than 20 
msec may be achieved by accumulating mul¬ 


tiple overflows in a register under software 
control. For time resolution less than 80 jusec 
an external clock can be applied to the T1 
input and the counter operated in the event 
counter mode. ALE divided by 3 or more can 
serve as this external clock. Very small delays 
or “fine tuning” of larger delays can be easily 
accomplished by software delay loops. 

2.1.11 Clock and Timing Circuits 

Timing generation for the 8048 is completely 
self-contained with the exception of a fre¬ 
quency reference which can be XTAL, series 
RC, or external clock source. The Clock and 
Timing circuitry can be divided into the follow¬ 
ing functional blocks: 

Oscillator 

The on-board oscillator is a high gain series 
resonant circuit with a frequency range of 1 to 
6MHz. The XI external pin is the input to the 
amplifier stage while X2 is the output. A 
crystal or series RC connected between XI 
and X2 provides the feedback and phase shift 
required for oscillation. A 5.994 MHz crystal 
provides for easy deviation of all standard 
communications frequencies. If an accurate 
frequency reference and maximum proces¬ 
sor speed are not required, a resistor and 
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capacitor may be used in Dlace of the crystal. 
With an RC the oscillator frequency will be 
approximately 3 MHz. For higher speed 
operation a crystal should be used. An 
externally generated clock may also be 
applied to XI as the frequency source. 


State Counter 

The output of the oscillator is divided by 3 in 
the State Counter to create a clock which 
defines the state times of the machine (CLK). 
CLK can be made available on the external 
pin TO by executing an ENTO CLK instruction. 
The output of CLK on TO is disabled by Reset 
of the processor. 


Cycle Counter 

CLK is then divided by 5 in the Cycle Counter 
to provide a clock which defines a machine 
cycle consisting of 5 machine states. This 
clock is called Address Latch Enable (ALE) 
because of its function in MCS-48 systems 
with external memory. It is provided continu¬ 
ously on the ALE output pin. 

2.1.12 Reset 

The reset input provides a means for initializa¬ 
tion for the processor. This Schmitt-trigger 
input has an internal pullup resistor which in 
combination with an external 1 jufd capacitor 
provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset. If the 
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reset pulse is generated externally the reset 
pin must be held at ground (.5V) for at least 
50 milliseconds after the power supply is 
within tolerance. 

EXTERNAL RESET 



OPEN COLLECTOR 
OR ACTIVE 
PULLUP 


Timing 

The 8048 operates in a single-step mode as 
follows: 

1. The processor is requested to stop by 
applying a low level on SS. 

2. The processor responds by stopping 
during the instruction fetch portion of the 
next instruction. If a double cycle instruc¬ 
tion is in progress when the single step com¬ 
mand is received, both cycles will be com¬ 
pleted before stopping. 


POWER ON RESET 


n ik 

I—o o—VW 


1/iF 

10V 


RESET 


Reset performs the following functions: 

1. Sets program counter to zero. 

2. Sets stack pointer to zero. 

3. Selects register bank 0. 

4. Selects memory bank 0. 

5. Sets BUS to high impedance state. 

6. Sets Ports 1 and 2 to input mode. 

7. Disables interrupts (timer and external) 

8. Stops timer. 

9. Clears timer flag. 

10. Clears F0 and FI. 

11. Disables clock output from TO. 

2.1.13 Single-Step 

This feature provides the user with a debug 
capability in that the processor can be stepped 
through the program one instruction at a time. 
While stopped, the address of the next instruc¬ 
tion to be fetched is available concurrently on 
BUS and the lower half of Port 2. The user 
can therefore follow the program through 
each of the instruction steps. A timing diagram, 
showing the interaction between output ALE 
and input SS is shown. The BUS buffer 
contents are lost during single step, however, 
a latch may be added to re-establish the lost 
I/O capability if needed. (See 2.4.1). 


3. The processor acknowledges it has 
entered the stopped state by raising ALE 
high. In this state (which can be maintained 
indefinitely) the address of the next instruc¬ 
tion to be fetched is present on BUS and 
the lower half of port 2. 

4. SS is then raised high to bring the pro¬ 
cessor out of the stopped mode allowing it 
to fetch the next instruction. The exit from 
stop is indicated by the processor bringing 
ALE low. 

5. To stop the processor at the next instruc¬ 
tion SS must be brought low again as soon 
as ALE goes low. If SS is left high the pro¬ 
cessor remains in a “Run” mode. 

A diagram for implementing the single step 
function of the 8748 is shown. A D-type flip- 
flop with preset and clear is used to generate 
SS. In the run mode SS is held high by 
keeping the flip-flop preset (preset has prec¬ 
edence over the clear input). To enter single 
step, preset is removed allowing ALE to bring 
SS low via the clear input. ALE should be 
buffered since the clear input of an SN7474 is 
the equivalent of 3 TTL loads. The processor 
is now in the stopped state. The next instruc¬ 
tion is initiated by clocking a “1” into the flip- 
flop. This “1” will not appear on SS unless 
ALE is high removing clear from the flip-flop. 
In response to SS going high the processor 
begins an instruction fetch which brings ALE 
low resetting SS through the clear input and 
causing the processor to again enter the 
stopped state. 
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SINGLE STEP CIRCUIT 
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2.1.14 Power Down Mode 
(8048 ROM version only) 

Extra circuitry has been added to the 8048 
ROM version to allow power to be removed 
from all but the 64 x 8 data ram array for low 
power standby operation. In the power down 
mode the contents of data ram can be main¬ 
tained while drawing typically 10 to 15% of 
normal operating power requirements. 


Vcc serves as the 5V supply pin for the bulk 
of 8048 circuitry while the Vqd pin supplies 
only the RAM array. In normal operation both 
pins are at 5V while in standby Vcc is at 
ground and only Vqd is maintained at 5V. 
Applying Reset to the processor through the 
Reset pin inhibits any access to the RAM by 
the processor and guarantees that RAM can¬ 
not be inadvertently altered as power is 
removed from Vcc • 
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POWER SUPPLY 


POWER SUPPLY 
FAIL SIGNAL 


RESET 



PROCESSOR 

INTERRUPTED 

/ 


I 


DATA SAVE ACCESS TO 

ROUTINE DATA RAM 

EXECUTED INHIBITED 


NORMAL 
POWER ON 
SEQUENCE 
FOLLOWS 


POWER DOWN SEQUENCE 

A typical power down sequence occurs as 
follows: 

1. Imminent power supply failure is detected 
by user defined circuitry. Signal must be 
early enough to allow 8048 to save all nec¬ 
essary data before Vcc tells below normal 
operating limits. 

2. Power fail signal is used to interrupt 
processor and vector it to a power fail 
service routine. 

3. Power fail routine saves all important 
data and machine status in the internal data 
RAM array. Routine may also initiate trans¬ 
fer of backup supply to the Vqd pin and 
indicate to external circuitry that power fail 
routine is complete. 

4. Reset is applied to guarantee data will 
not be altered as the power supply falls out 
of limits. Reset must be held low until V C q 
is at ground level. 

Recovery from the Power Down mode can 
occur as any other power-on sequence with 
an external capacitor on the Reset input 
providing the necessary delay. See the previ¬ 
ous section on Reset. 

2.1.15 External Access Mode 

Normally the first IK words of program mem¬ 
ory are automatically fetched from internal 
ROM or EPROM. The EA input pin however 
allows the user to effectively disable internal 


program memory by forcing all program 
memory fetches to reference external memory. 
The following chapter explains how access to 
external program memory is accomplished. 

The External Access mode is very useful in 
system test and debug because it allows the 
user to disable his internal applications pro¬ 
gram and substitute an external program of 
his choice—a diagnostic routine for instance. 
In addition, the section on Test and Debug 
explains how internal program memory can 
be read externally, independent of the 
processor. 

A “1” level on EA initiates the external access 
mode. For proper operation, Reset should be 
applied while the EA input is changed. 

2.2 Pin Description 

The 8048 and 8748 are packaged in 40 pin 
Dual In-Line Packages (DIP’S). The following 
is a summary of the functions of each pin. 
Where it exists, the second paragraph de¬ 
scribes each pin’s function in an expanded 
MCS-48 system. Unless otherwise specified, 
each input is TTL compatible and each output 
will drive one standard TTL load. 


PROGRAM 



8048 LOGIC SYMBOL 
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Designation 

Pin 

Number 

Function 

V S s 

20 

Circuit GND potential 

V OD 

26 

Programming power supply; +25V during program, 
+ 5V during operation for both ROM and PROM. Low 
power standby pin in 8048 ROM version 

V C c 

40 

Main power supply; +5V during operation and 
8748 programming. 

PROG 

25 

Program pulse (+25V) input pin during 8748 
programming. 

Output strobe for 8243 I/O expander. 

P10-P17 
(Port 1) 

27-34 

8-bit quasi-bidirectional port. 

P20-P27 
(Port 2) 

21-24 

35-38 

8-bit quasi-bidirectional port. 

P20-P23 contain the four high order program counter 
bits during an external program memory fetch and serve 
as a 4-bit I/O expander bus for 8243. 

D0-D7 

(BUS) 

12-19 

True bidirectional port which can be written or read syn¬ 
chronously using the RD, WR strobes. The port can also 
be statically latched. 

Contains the 8 low order program counter bits during an 
external program memory fetch, and receives the ad¬ 
dressed instruction under the control of PSEN. Also con¬ 
tains the address and data during an external RAM data 
store instruction, under control of ALE, RD, and WR. 

TO 

1 

Input pin testable using the conditional transfer instruc¬ 
tions JTO and JNTO. TO can be designated as a clock 
output using ENTO CLK instruction. TO is also used dur¬ 
ing programming. 

T1 

39 

Input pin testable using the JT1, and JNT1 instructions. 
Can be designated the event counter input using the 
STRT CNT instruction. 

INT 

6 

Interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. (Active low) 

RD 

10 

Output strobe activated during a BUS read. Can be 
used to enable data onto the BUS from an external 
device. (Active low) 

Used as a Read Strobe to External Data Memory. 
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Designation 

Pin 

Number 

Function 

RESET 

4 

Input which is used to initialize the processor. Also used 
during PROM programming and verification. (Active low) 

WR 

8 

Output strobe during a BUS write. (Active low) 

Used as write strobe to external data memory. 

ALE 

11 

Address Latch Enable. This signal occurs once during 
each cycle and is useful as a clock output. 

The negative edge of ALE strobes address into external 
data and program memory. 

PSEN 

9 

Program Store Enable. This output occurs only during a 
fetch to external program memory. (Active Low) 

SS 

5 

Single step input can be used in conjunction with ALE 
to “single step” the processor through each instruction. 
(Active Low) 

EA 

7 

External Access input which forces all program memory 
fetches to reference external memory. Useful for emula¬ 
tion and debug, and essential for testing and program 
verification. (Active High) 

XTAL1 

2 

One side of crystal input for internal oscillator. Also input 
for external source. 

XTAL2 

3 

Other side of crystal input. 


2.3 Programming, Verifying and Erasing 
EPROM 

The internal Program Memory of the 8748 
may be erased and reprogrammed by the user 
as explained in the following sections: 

2.3.1 Programming/Verification 

In brief, the programming process consists 
of: activating the program mode, applying an 
address, latching the address, applying data, 
and applying a programming pulse. Each 
word is programmed completely before moving 
on to the next and is followed by a verifica¬ 
tion step. The following is a list of the pins 
used for programming and a description of 
their functions: 


Pin 

Function 

XTAL 1 

Clock Input (1 to 6MHz) 

Reset 

Initialization and Address 
Latching 

Test 0 

Selection of Program or 
Verify Mode 

EA 

Activation of Program/Verify 
Modes 

BUS 

Address and Data Input 

Data Output During Verify 

P20-1 

Address Input 

Vdd 

Programming Power Supply 

PROG 

Program Pulse Input 
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+5V 
XTAL 1 

0 




+5V 

RESET 

0 - 

+5V 
TEST 0 

0 

+25V 

EA 

+5V 


BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME 


BUS 


P20-21 

+25V 

V DD 


+5V 


< 

< 


PROG +5V 
+0V 


\ 


ADDRESS A 0 -A 7 


ADDRESS A 8 -A 9 


X °* r * > 

>- 


+25V 


< 


DATA OUT 


WARNING: An attempt to program a missocketed 8748 will result in severe damage to the part. An indication of a properly socketed part 
is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer. 


PROGRAMMING/VERIFY SEQUENCE 
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The detailed Program/Verify sequence is: 

1. Vdd = 5v, Clock applied, Reset = Ov 
Test 0 = 5v, EA = 5v, BUS and PROG 
floating 

2. Insert 8748 in programming socket 

3. Test 0 = Ov (Select Program Mode) 

4. EA = 25v (Activate Program Mode) 

5. Address applied to BUS and P20-1 

6. Reset = 5v (Latch Address) 

7. Data applied to BUS 

8. Vqd = 25v (Programming Power) 

9. PROG = Ov followed by one 50ms pulse 
to 25v 

10. Vdd = 5v 

11. TEST 0 = 5v (Verify Mode) 

12. Read and Verify Data on BUS 

13. TEST 0 = Ov 

14. Reset = Ov and repeat from Step 5 

15. Programmer should be at conditions of 
Step 1 when 8748 is removed from socket. 


2.4 Test and Debug 

Several MCS-48 features described in the 
previous sections are discussed here to 
emphasize their use in testing MCS-48 
components and in debugging MCS-48 
based systems. 

2.4.1 Single Step 

Single step circuitry within the micro¬ 
computer in combination with the external 
circuitry described in Section 2.1.13 allows 
the user to execute one instruction at a time 
whether the instruction is one or two cycles 
in length. After completion of the instruction 
the processor halts with the address of the 
next instruction to be fetched available on the 
eight lines of BUS and the lower 4-bits of port 
2 . 



All 

Aio 

A 9 

A 8 


ADDRESS OUTPUT DURING SINGLE STEP 

This allows the user to step through his 
program and note the sequence of instruc¬ 
tions being executed. 

While the processor is stopped, the I/O 
information on BUS and the 4-bits of port 2 is, 
of course, not available. I/O information is, 
however, valid at the leading edge of ALE and 
can be latched externally using this signal if 
necessary. 

2.4.2 Disabling Internal Program Memory 

Applying +5V to the EA (external access) pin 
of the MCS-48 microcomputers allows the 
user to effectively disable internal program 
memory by forcing all instruction fetches to 
occur from an external memory. This 
external memory can be connected as 
explained in the section on program memory 
expansion and can contain a diagnostic 
routine to exercise the processor, the internal 
RAM, the timer, and the I/O lines. EA should 
be switched only when the processor is in 
RESET. 

2.4.3 Reading Internal Program Memory 

Just as the processor may be isolated from 
internal program memory using EA, program 
memory can be read independent of the 
processor using the verification mode des¬ 
cribed in the previous section, Programming/ 
Verification. 
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The processor is placed in the READ mode and Port 2 which output the address during 
by applying a high voltage (+25V for the single step (see below). The address is 

8748, +12V forthe8048) to the EA pin and +5V latched by a “0” to “1” transition on RESET 

to the TO (8748 only) input pin. RESET must and a high level on RESET causes the 
be at 0V when voltage is applied to EA. The contents of the program memory location 

address of the location to be read is then addressed to appear on the eight lines of 

applied to the same lines (TTL levels) of BUS BUS. 
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3.0 Summary 

If the capabilities resident on the single-chip 
8048, 8748, or 8035 are not sufficient for your 
system requirements, special on-board cir¬ 
cuitry allows the addition of a wide variety 
external memory, I/O, or special peripherals 
you may require. The processors can be 
directly and simply expanded in the following 
areas: 

• Program Memory to 4K words 

• Data Memory to 320 words 

• I/O by unlimited amount 

• Special Functions using 8080 peripherals 

By using bank switching techniques maxi¬ 
mum capability is essentially unlimited. Bank 
switching is discussed later in the chapter. 
Expansion is accomplished in two ways: 

1. Expander I/O—A special I/O Expander 
circuit the 8243 provides for the addition of 
four 4-bit Input/Output ports with the sac¬ 
rifice of only the lower half (4 bits) of port 2 
for inter-device communication. Multiple 
8243’s may be added to this 4-bit bus by 
generating the required “chip select” lines. 

2. Standard 8080 Bus—One port of the 
8048 is like the 8 bit bidirectional data bus 
of the 8080A microcomputer system allow¬ 
ing interface to the numerous standard 
memories and peripherals of the MCS-80 
microcomputer family. 

MCS-48 systems can be configured using 
either or both of these expansion features to 
optimize system capabilities to the application. 
Both expander devices and standard mem¬ 
ories and peripherals can be added in virtually 
any number and combination required. 


3.1 Expansion of Program Memory 

Program Memory is expanded beyond the 
resident IK words by using the 8080 BUS 
feature of the MCS-48. All program memory 
fetches from addresses less than 1024 occur 
internally with no external signals being gen¬ 
erated (except ALE which is always present). 
At address 1024 the 8048 automatically initi¬ 
ates external program memory fetches. 

3.1.1 Instruction Fetch Cycle (External) 

For all instruction fetches from addresses of 
1024 or greater the following will occur: 

1. The contents of the 12 bit program 
counter will be output on BUS and the lower 
half of port 2. 

2. Address Latch Enable (ALE) will indi¬ 
cate the time at which address is valid. The 
trailing edge of ALE is used to latch the 
address externally. 

3. Program Store Enable (PSEN) indicates 
that an external instruction fetch is in prog¬ 
ress and serves to enable the external 
memory device. 

4. BUS reverts to input mode and the pro¬ 
cessor accepts its 8 bit contents as an in¬ 
struction word. 

All instruction fetches including those of ad¬ 
dresses less than 1024 can be forced to be 
external by activating the EA pin of the 8048. 
The 8035 processor without program memory 
always operates in the external program 
memory mode (EA=5V). 

3.1.2 Extended Program Memory 
Addressing (Beyond 2K) 

For programs of 2K words or less, the 8048 
addresses program memory in the conven¬ 
tional manner. Addresses beyond 2047 can 
be reached by executing a program memory 
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ALE J" 


L 


PSEN 


BUS 


FLOATINC^ ^ FLOATING 

ADDRESS INSTRUCTION 


FLOATING 


INSTRUCTION FETCH FROM 
EXTERNAL PROGRAM MEMORY 



Conventional Program Counter 

• Counts 000H to 7FFH 

• Overflows 7FFH to 000H 


JMP or CALL instructions transfer contents of 
internal flipflop to An 

• Flipflop set by SEL MB1 

• Flipflop reset by SEL MBO 
or by RESET 

During interrupt service routine 
A-j! is forced to “0” 

All 12 bits are saved in stack 


PROGRAM COUNTER 


bank switch instruction (SEL MBO, SEL MB1) 
followed by a branch instruction (JMP or 
CALL). The bank switch feature extends the 
range of branch instructions beyond their 
normal 2K range and at the same time pre¬ 
vents the user from inadvertently crossing the 
2K boundary. 

Program Memory Bank Switch 

The switching of 2K program memory banks 
is accomplished by directly setting or resetting 
the most significant bit of the program counter 
(bit 11). Bit 11 is not altered by normal incre¬ 
menting of the program counter but is loaded 
with the contents of a special flip-flop each 
time a branch instruction is executed. This 
special flip-flop is set by executing an SEL 
MB1 instruction and reset by SEL MBO. 
Therefore, the SEL MB instruction may be 
executed at any time prior to the actual bank 
switch which occurs during the next branch 
instruction encountered. Since all twelve bits 
of the program counter including bit (11) are 
stored in the stack when a Call is executed, 
the user may jump to subroutines across the 
2K boundary and the proper bank will be 
restored upon return. However, the bank 
switch flipflop will not be altered on return. 

Interrupt Routines 

Interrupts always vector the program counter 
to location 3 or 7 in the first 2K bank and bit 
11 of the program counter is held at “0” 
during the interrupt service routine. The end 
of the service routine is signalled by the 
execution of an RETR instruction. Interrupt 
service routines should therefore be contained 


entirely in the lower 2K words of program 
memory. The execution of a SEL MBO or SEL 
MB1 instruction within an interrupt routine is 
not recommended since it will not alter PC11 
while in the routine, but will change the 
internal flip flop. 

3.1.3 Restoring I/O Port Information 

Although the lower half of Port 2 is used to 
output the four most significant bits of address 
during an external program memory fetch, 
the I/O information is still outputed during 
certain portions of each machine cycle. I/O 
information is always present on Port 2 lower 
at the rising edge of ALE and can be sampled 
or latched at this time. 

3.1.4 Expansion Examples 

The accompanying figure shows the addition 
of three 2708 IK X 8 EPROMs or three 8308 
pin-compatible ROM replacements for a total 
of 4K words of program memory. The BUS 
port of the 8048 is connected directly to the 
data output lines of the memories. The lower 
8 bits of address are latched in an 8212 8-bit 
latch using ALE as the strobe. The lower half 
of Port 2 provides the upper 4 bits of address 
and since these address bits are stable for 
the duration of the program memory fetch, 
they do not have to be latched. Two of the 
upper address bits are connected directly to 
the address inputs of the memories while the 
two most significant bits are decoded to 
provide the three chip selects needed. The 
PSEN output of the 8048/8748 is used to 
enable the chip select lines and therefore the 
memories. 


3-2 





EXPANDED MCS-48 SYSTEM 


PROGRAM MEMORY 



1K-2K 


2K-3K 


3K-4K 
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Also shown is the addition of 2K words of 
program memory using an 8316A 2K x 8 
ROM to give a total of 3K words of program 
memory. In this case n o chip select decoding 
is required and PSEN enables the memory 
directly through the chip select input. If the 
system requires only 2K of program the same 
configuration can be used with an 8035 
substituted for the 8048. 


The next figure shows how the new 8755/8355 
EPROM/ROM with I/O interfaces directly to 
the 8048 without the need for an address 
latch. The 8755/8355 contains an internal 8-bit 
address latch eliminating the need for an 
8212 latch. In addition to a 2K X 8 program 
memory the 8755/8355 also contains 16 I/O 
lines addressable as two 8-bit ports. These 
ports are addressed as external RAM; there- 



USING 2K x 8 ROM 
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fore, the RD and WR outputs of the 8048 are 
required. See the following section on data 
memory expansion for more detail. The sub¬ 
sequent section on I/O expansion explains 
the operation of the 16 I/O lines. 



TEST I/O 
INPUTS 


EXTERNAL PROGRAM MEMORY INTERFACE 


3.2 Expansion of Data Memory 

Data Memory is expanded beyond the resi¬ 
dent 64 words by using the 8080 type bus 
feature of the MCS-48. 

3.2.1 Read/Write Cycle 

All address and data is transferred over the 8 
lines of BUS. A read or write cycle occurs as 
follows: 

1. The contents of register R0 or R1 is out- 
puted on BUS. 

2. Address Latch Enable (ALE) indicates 
address is valid. The trailing edge of ALE is 
used to latch the address externally. 

3. A read (RD) or write (WR) pulse on the 
corresponding output pins of the 8048 indi¬ 
cates the type of data memory access in 
progress. Output data is valid at the trailing 
edge of WR and inputdata must be valid at 
the trailing edge of RD. 

4. Data (8-bits) is transferred in or out over 
BUS. 
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3.2.2 Addressing External Data Memory 

External Data Memory is accessed with its 
own two-cycle move instructions MOVX A, 
@R and MOVX @R, A which transfer 8 bits of 
data between the accumulator and the ex¬ 
ternal memory location addressed by the 
contents of one of the RAM Pointer Registers 
RO or R1. This allows 256 locations to be 
addressed in addition to the resident 64 
locations. Additional pages may be added 
by “bank switching” with extra output lines of 
the 8048. 

3.2.3 Examples of Data Memory 
Expansion 

The accompanying figure shows how the 
8048 can be expanded using standard 256 X 
4 static RAMs such as the 2101-2 or its low 
power CMOS equivalent, the 5101. An 8212 
serves as an address latch while each 4-bit 
half of BUS is connected directly to a bidirec¬ 


tional 4-bit data bus of the memories. The WR 
output of the processor controls the Read/ 
Write input of the memories while the data 
bus output_drivers of the memories are con¬ 
trolled by RD. The chip select lines of the 
memories are continuously enabled unless 
additional pages of RAM are required. Also 
shown is the expansion of data memory using 
the 8155 memory and I/O expanding device. 
Since the 8155 has an internal 8-bit address 
latch it can interface directly to the 8048 with¬ 
out the use of an external 8212 latch. The 
8155 provides an additional 256 words of sta¬ 
tic data memory and also includes 22 I/O 
lines and a 14 bit timer. See the following sec¬ 
tion on I/O expansion and the 8155 data sheet 
for more details on these additional features. 

3.3 Expansion of Input/Output 

There are three possible modes of I/O expan¬ 
sion with the 8048: one using a special low 
cost expander, the 8243; another using stan- 
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dard MCS-80 I/O devices; and a third using 
the combination memory/I/O expander de¬ 
vices the 8155, 8355, and 8755. 

3.3.1 I/O Expander Device 

The most efficient means of I/O expansion for 
small systems is the 8243 I/O Expander De¬ 
vice which requires only 4 port lines (lower 
half of Port 2) for communication with the 
8048. The 8243 contains four 4-bit I/O ports 
which serve as extension of the on chip I/O 
and are addressed as ports #4-7. The follow¬ 
ing operations may be performed on these 
ports: 

1. Transfer Accumulator to Port. 

2. Transfer Port to Accumulator. 

3. AND Accumulator to Port. 

4. OR Accumulator to Port. 

A 4-bit transfer from a port to the lower half of 
the Accumulator sets the most significant four 


bits to zero. All communication between the 
8048 and the 8243 occurs over Port 2 lower 
(P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each 
transfer consists of two 4-bit nibbles: 

The first containing the “op code” and port 
address and the second containing the actual 
4 bits of data. 


Nibble 1 Nibble 2 
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A high to low transition of the PROG line indi¬ 
cates that address is present while a low to 
high transition indicates the presence of data. 
Additional 8243’s may be added to the four bit 
bus and chip selected using additional output 
lines from the 8048/8748. 

I/O Port Characteristics 

Each of the four 4-bit ports of the 8243 can 
serve as either input or output and can pro¬ 
vide high drive capability in both the high and 
low state. 

3.3.2 I/O Expansion with Standard 
Peripherals 

Standard 8080 type I/O devices may be 
added to the MCS-48 using the same bus and 
timing used for Data Memory expansion. I/O 
devices reside on the Data Memory bus and 
in the data memory address space and are 
accessed with the same MOVX instructions. 
See the previous section on data memory ex¬ 
pansion for a description of the timing. The 
following is a few of the Standard MCS-80 
devices which are very useful in MCS-48 sys¬ 
tems: 

8214 Priority Interrupt Encoder 
8251 Serial Communications Interface 
8255 General Purpose Programmable I/O 
8279 Keyboard/Display Interface 
8253 Interval Timer 

See Chapter 7 for detailed data sheets on 
these components. 


3.3.3 Combination Memory and I/O 
Expanders 

As mentioned in the sections on program and 
data memory expansion the 8355/8755 and 
8155 expanders also contain I/O capability. 

8355/8755: These two parts are ROM and 
EPROM equivalents and therefore contain 
the same I/O structure. I/O consists of two 
8-bit ports which normally reside in the exter¬ 
nal data memory address space and are ac¬ 
cessed with MOVX instructions. Associated 
with each port is an 8-bit Data Direction Reg¬ 
ister which defines each bit in the port as 
either an input or an output. The data direction 
registers are directly addressable thereby al¬ 
lowing the user to define under software con¬ 
trol each individual bit of the ports as either 
input or output. All outputs are statically 
latched and double buffered. Inputs are not 
latched. 

8155: I/O on the 8155 is configured as two 
8-bit programmable I/O ports and one 6-bit 
programmable port. These three registers 
and a Control/Status register are accessible 
as external data memory with the MOVX in¬ 
structions. The contents of the control register 
determines the mode of the three ports. The 
ports can be programmed as input or output 
with or without associated handshake com¬ 
munication lines. In the handshake mode, 
lines of the six-bit port become input and out¬ 
put strobes for the two 8-bit ports. See the 



KEYBOARD/DISPLAY INTERFACE 


3-7 





EXPANDED MCS-48 SYSTEM 


data sheet in the Chapter 6 for details. Also 
included in the 8155 is a 14-bit programmable 
timer. The clock input to the timer and the 
timer overflow output are available on exter¬ 
nal pins. The timer can be programmed to 
stop on terminal count or to continuously re¬ 
load itself. A square wave or pulse output on 
terminal count can also be specified. 

I/O Expansion Examples 

The accompanying figure shows the expan¬ 
sion of I/O using multiple 8243’s. The only 
difference from a single 8243 system is the 
addition of chip selects provided by additional 
8048 output lines. Two output lines and two 
inverters could also be used to address the 
four chips. Large numbers of 8243’s would 
require a chip select decoder chip such as the 
8205 to save I/O pins. 

Also shown is the 8048 interface to a stan¬ 
dard MCS-80 peripheral; in this case, the 
8255 Programmable Peripheral Interface, a 
40 pin part which provides three 8-bit pro¬ 
grammable I/O ports. The 8255 bus interface 
is typical of programmable MCS-80 periphery 
als with an 8-bit bidirectional data bus, a RD 
and WR input for Read/Write control, a CS 


(chip select) input used to enable the Read/ 
Write control logic and the address inputs 
used to select various internal registers. 
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interconnection to the 8048 is very 
straightforward with BUS, RD, and WR con¬ 
necting directly to the corresponding pins on 
the 8255. The only design consideration is the 
way in which the internal registers of the 8255 
are to be addressed. If the registers are to be 
addressed as external data memory using the 
MOVX instructions, the appropriate number of 
address bits (in this case, 2) must be latched 
on BUS using ALE as described in the section 
on external data memories. If only a single 
device is connected to BUS, the 8255 may be 
continuously selected by grounding CS. If 
multiple 8255’s are used, additional address 
bits can be latched and used as chip selects. 

A second addressing method eliminates ex¬ 
ternal latches and chip select decoders by 
using output port lines as address and chip 
select lines directly. This method, of course, 
requires the setting of an output port with ad¬ 
dress information prior to executing a MOVX 
instruction. 


3.4 Multi-Chip MCS-48 Systems 

The accompanying figure shows the addition 
of two memory expanders to the 8048, one 
8355/8755 ROM and one 8155 RAM. The 
main consideration in designing such a sys¬ 
tem is the addressing of the various memories 
and I/O ports. Note that in this configuration 
address lines A, 0 and A t1 have been ORed to 
chip select the 8355. This ensures that the 
chip is active for all external program memory 
fetches in the IK to 3K range and is disabled 
for all other addresses. This gating has been 
added to allow the I/O port of the 8355 to be 
used. If the chip was left selected all the time 
there would be conflict between these ports 
and the RAM and I/O of the 8155. The NOR 
gate could be eliminated and_An connected 
directly to the CE (instead of CE) input of the 
8355; however, this would create a IK word 
“hole” in the program memory by causing the 
8355 to be active in the 2K to 4K range in¬ 
stead of the normal 1K to 3K range. 


8155/8355 
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MCS-48 EXPANSION CAPABILITY 


In this system the various locations are ad¬ 
dressed as follows: 

Data RAM—Addresses 0 to 255 when Port 
2 Bit 0 has been previously set = 1 and Bit 1 
set = 0 

RAM I/O—Addresses 0 to 3 when Port 2 
Bit 0 = 1 and Bit 1 =1 

ROM I/O—Addresses 0 to 3 when Port 2 
Bit 2 or Bit 3 = 1 

3.5 Bank Switching 

Certain systems may require more than the 
4K words of program memory which are 
directly addressable by the program counter 
or more than the 256 data memory and I/O 
locations directly addressable by the pointer 


registers RO and R1. These systems can be 
achieved using “bank switching” techniques. 
Bank switching is merely the selection of 
various blocks or “banks” of memory using 
dedicated output port lines from the processor. 
In the case of the 8048 program memory is 
selected in blocks of 4K words at a time 
while data memory and I/O are enabled 256 
words at a time. 

The most important consideration in imple¬ 
menting two or more banks is the software 
required to cross the bank boundaries. Each 
crossing of the boundary requires that the 
processor first write a control bit to an output 
port before accessing memory or I/O in the 
new bank. If program memory is being 
switched, programs should be organized to 
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keep boundary crossings to a minimum. 
Jumping to subroutines across the boundary 
should be avoided when possible since the 
programmer must keep track of which bank 
to return to after completion of the subrou¬ 
tine. If these subroutines are to be nested and 
accessed from either bank, a software “stack” 
should be implemented to save the bank 


switch bit just as if it were another bit of the 
program counter. 

From a hardware standpoint bank switching 
is very straight-forward and involves only the 
connection of an I/O line or lines as bank 
enable signals. These enables are ANDed 
with normal memory and I/O chip select 
signals to activate the proper bank. 
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4.0 INTRODUCTION 

The MCS-48 instruction set is extensive for 
a machine of its size and has been tailored 
to be straightforward and very efficient in 
its use of program memory. All instructions 
are either one or two bytes in length and 
over 70% are only one byte long. Also, all 
instructions execute in either one or two 
cycles (2.5 sec or 5.0 sec when using a 6 
MHz XTAL) and over 50% of all instructions 
execute in a single cycle. Double cycle 
instructions include all immediate instruc¬ 
tions, and all I/O instructions. 


The MCS-48 microcomputers have been 
designed to efficiently handle arithmetic 
operations in both binary and BCD as well 
as to efficiently handle the single bit 
operations required in control applications. 
Special instructions have also been in¬ 
cluded to simplify loop counters, table 
lookup routines, and N-way branch rou¬ 
tines. 

Data Transfers 

As can be seen in the accompanying 
diagram, the 8-bit accumulator is the central 
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point for all data transfers within the 8048. 
Data can be transferred between the 8 
registers of each working register bank and 
the accumulator directly, i.e. the source or 
destination register is specified by the 
instruction. The remaining locations of the 
internal RAM array are referred to as Data 
Memory and are addressed indirectly via an 
address stored in either ROor R1 of the active 
working register bank. R0 and R1 are also 
used to indirectly address external data 
memory when it is present. Transfers to and 
from internal RAM require one cycle while 
transfers to external RAM require two. 
Constants stored in Program Memory can be 
loaded directly to the accumulator and to the 
8 working registers. Data can also be 
transfered directly between the accumulator 
and the on-board timer/counter or the 
accumulator and the Program Status word 
(PSW). Writing to the PSW alters machine 
status accordingly and provides a means of 
restoring status after an interrupt or of 
altering the stack pointer if necessary. 

Accumulator Operations 

Immediate data, data memory, or the 
working registers can be added with or 
without carry to the accumulator. These 
sources can also be ANDed, ORed, or 
Exclusive ORed to the accumulator. Data 
may be moved to or from the accumulator 
and working registers or data memory. The 
two values can also be exchanged in a single 
operation. 

In addition, the lower 4 bits of the 
accumulator can be exchanged with the 
lower 4-bits of any of the internal RAM 
locations. This instruction, along with an 
instruction which swaps the upper and lower 
4-bit halves of the accumulator, provides for 
easy handling of 4-bit quantities, including 
BCD numbers. To facilitate BCD arithmetic, 
a Decimal Adjust instruction is included. This 
instruction is used to correct the result of the 
binary addition of two two-digit BCD 
numbers. Performing a decimal adjust on the 
result in the accumulator produces the 
required BCD result. 


Finally, the accumulator can be: incre¬ 
mented. decremented, cleared, or comple¬ 
mented and can be rotated left or right 1-bit at 
a time with or without carry. 

Although there is no subtract instruction in 
the 8048, this operation can be easily 
implemented with three single-byte single¬ 
cycle instructions. 

A value may be subtracted from the 
accumulator with the result in the accumu¬ 
lator by: 

Complementing the accumulator 
Adding the value to the accumulator 
Complementing the accumulator. 

Register Operations 

The working registers can be accessed via 
the accumulator as explained above, or can 
be loaded immediate with constraints from 
program memory. In addition, they can be 
incremented or decremented or used as loop 
counters using the decrement and skip, if not 
zero instruction, as explained under branch 
instructions. 

All Data Memory including working registers 
can be accessed with indirect instructions via 
R0 and R1 and can be incremented. 

Flags 

There are four user accessible flags in the 
8048: Carry, Auxiliary Carry, F0, and FI. 
Carry indicates overflow of the accumulator, 
and Auxiliary Carry is used to indicate 
overflow between BCD digits and is used 
during decimal adjust operation. Both Carry 
and Auxiliary Carry are accessible as part of 
the program status word and are stored on 
the stack during subroutines. F0 and FI are 
undedicated general purpose flags to be 
used as the programmer desires. Both flags 
can be cleared or complemented and tested 
by conditional jump instructions. F0 is also 
accessible via the Program Status word and 
is stored on the stack with the carry flags. 

Branch Instructions 

The unconditional jump instruction is two 
bytes and allows jumps anywhere in the first 
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2K words of program memory. Jumps to the 
second 2K of memory (4K words are directly 
addressible) are made by first executing a 
select memory bank instruction then execu¬ 
ting the jump instruction. The 2K boundary 
can only be crossed via a jump or subroutine 
call instruction i.e. the bank switch does not 
occur until a jump is executed. Once a 
memory bank has been selected all subse¬ 
quent jumps will be to the selected bank until 
another select memory bank instruction is 
executed. A subroutine in the opposite bank 
can be accessed by a select memory bank 
instruction followed by a call instruction. 
Upon completion of the subroutine execu¬ 
tion will automatically return to the original 
bank; however, unless the original bank is 
reselected, the next jump instruction en¬ 
countered will again transfer execution to the 
opposite bank. 

Conditional jumps can test the following 
inputs and machine status: 

TO Input pin 
TMnput pin 
INT Input pin 
Accumulator Zero 
Any bit of Accumulator 
Carry Flag 
FO Flag 
FI Flag 

Conditional jumps allow a branch to any 
address within the current page (256 words) 
of execution. The conditions tested are the 
instantaneous values at the time the condi¬ 
tional jump is executed. For instance, the 
jump on accumulator zero instruction tests 
the accumulator itself not an intermediate 
zero flag. 

The decrement register and skip if not zero 
instruction combines a decrement and a 
branch instruction to create an instruction 
very useful in implementing a loop counter. 
This instruction can designate any one of the 
8 working registers as a counter and can 
effect a branch to any address within the 
current page of execution. 

A single byte indirect jump instruction allows 
the program to be vectored to any one of 


several different locations based on the 
contents of the accumulator. The contents of 
the accumulator points to a location in 
program memory which contains the jump 
address. The 8-bit jump address refers to the 
current page of execution. This instruction 
could be used, for instance, to vector to any 
one of several routines based on an ASCII 
character which has been loaded in the 
accumulator. In this way ASCII key inputs 
can be used to initiate various routines. 

Subroutines 

Subroutines are entered by executing a call 
instruction. Calls can be made like uncondi¬ 
tional jumps to any address in a 2K word 
bank and jumps across the 2K boundary are 
executed in the same manner. Two separate 
return instructions determine whether or not 
status (upper 4-bits of PSW) is restored upon 
return from the subroutine. 

The return and restore status instruction also 
signals the end of an interrupt service routine 
if one has been in progress. 

Timer Instructions 

The 8-bit on board timer/counter can be 
loaded or read via the accumulator while the 
counter is stopped or while counting. The 
counter can be started as a timer with an 
internal clock source or as an event counter 
or timer with an external clock applied to the 
T1 input pin. The instruction executed 
determines which clock source is used. A 
single instruction stops the counter whether 
it is operating with an internal or an external 
clock source. In addition, two instructions 
allow the timer interrupt to be enabled or 
disabled. 

Control Instructions 

Two instructions allow the external interrupt 
source to be enabled or disabled. Interrupts 
are initially disabled and are automatically 
disabled while an interrupt service routine is 
in progress and re-enabled afterward. 

There are four memory bank select instruc¬ 
tions, two to designate the active working 
register bank and two to control program 


43 




INSTRUCTION SET 


memory banks. The operation of the program 
memory bank switch is explained in section 
3.1.2. The working register bank switch 
instructions allow the programmer to imme¬ 
diately substitute a second 8 register working 
register bank for the one in use. This 
effectively provides 16 working registers or it 
can be used as a means of quickly saving the 
contents of the registers in response to an 
interrupt. The user has the option to switch or 
not to switch banks on interrupt. However, if 
the banks are switched, the original bank will 
be automatically restored upon execution of 
a return and restore status instruction at the 
end of the interrupt service routine. 

A special instruction enables an internal 
clock, which is the XTAL frequency divided 
by three, to be output on pin TO. This clock 
can be used as a general purpose clock in the 
users system. This instruction should be 
used only to initialize the system since the 
clock output can be disabled only by 
application of system reset. 

Input/Output Instructions 

Ports 1 and 2 are 8-bit static I/O ports which 
can be loaded to and from the accumulator. 
Outputs are statically latched but inputs are 
not latched and must be read while inputs are 
present. In addition, immediate data from 
program memory can be ANDed or ORed 
directly to Port 1 and Port 2 with the result 
remaining on the port. This allows “masks” 
stored in program memory to selectively set 
or reset individual bits of the I/O ports. Ports 1 
and 2 are configured to allow input on agiven 
pin by first writing a “1” out to the pin. 

An 8-bit port called BUS can also be 
accessed via the accumulator and can have 
statically latched outputs as well. It too can 
have immediate data ANDed or ORed 
directly to its outputs, however, unlike ports 1 
and 2, all eight lines of BUS must be treated 
as either input or output at any one time. In 
addition to being a static port, BUS can be 
used as a true synchronous bi-directional 
port using the Move External instructions 
used to access external data memory. When 
these instructions are executed a cor¬ 


responding READ or WRITE pulse is 
generated and data is valid only at that time. 
When data is not being transferred BUS is in 
a high impedance state. 

The basic three on board I/O ports can be 
expanded via a 4-bit expander bus using half 
of port 2. I/O expander devices on this bus 
consist of four 4-bit ports which are 
addressed as ports 4 through 7. These ports 
have their own AND and OR instructions like 
the on board ports as well as move 
instructions to transfer data in or out. The 
expander AND and OR instructions, how¬ 
ever, combine the contents of accumu¬ 
lator with the selected port rather than 
immediate data as is done with the on board 
ports. 

I/O devices can also be added externally 
using the BUS port as the expansion bus. In 
this case the I/O ports become “memory 
mapped”, i.e. they are addressed in the same 
way as external data memory and exist in the 
external data memory address space ad¬ 
dressed by pointer register RO or R1. 

4.1 Instruction Set Description 

The following pages describe the MCS-48 
instruction set in detail. The instruction set is 
first summarized with instructions grouped 
functionally. This summary page is followed 
by a detailed description listed alphabetically 
by mnemonic opcode. 

The alphabetical listing includes the follow¬ 
ing information: 

Mnemonic 
Machine Code 
Verbal Description 
Symbolic Description 
Assembly Language Example 

The machine code is represented with the 
most significant bit (7) to the left and two byte 
instructions are represented with the first 
byte on the left. The assembly language 
examples are formulated as follows: 

Arbitrary 

Label: Mnemonic, Operand; Descriptive Comment 

See section 1.2.2 for a description and 
example of an assembly language program. 
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Mnemonic 

Description 

Bytes 

Cycle 

ADD A, R 

Add register to A 

1 

1 

ADD A, @R 

Add data memory to A 

1 

1 

ADD A, -data 

Add immediate to A 

2 

2 

ADDC A, R 

Add register with carry 

1 

1 

ADDC A, @R 

Add data memory with carry 

1 

1 

ADDC A, ^data 

Add immediate with carry 

2 

2 

ANL A, R 

And register to A 

1 

1 

ANL A, @R 

And data memory to A 

1 

1 

ANL A, -data 

And immediate to A 

2 

2 

ORLA.R 

Or register to A 

1 

1 

2 OR LA, @R 

Or data memory to A 

1 

1 

"1 OR L A, ^data 

Or immediate to A 

2 

2 

| XR L A, R 

Exclusive Or register to A 

1 

1 

8 XRLA, @R 

Exclusive or data memory to A 

1 

1 

< XRLA, #data 

Exclusive or immediate to A 

2 

2 

INC A 

Increment A 

1 

1 

DEC A 

Decrement A 

1 

1 

CLR A 

Clear A 

1 

1 

CPL A 

Complement A 

1 

1 

DA A 

Decimal Adjust A 

1 

1 

SWAP A 

Swap nibbles of A 

1 

1 

RL A 

Rotate A left 

1 

1 

RLC A 

Rotate A left through carry 

1 

1 

RR A 

Rotate A right 

1 

1 

RRC A 

Rotate A right through carry 

1 

1 

IN A, P 

Input port to A 

1 

2 

OUTL P, A 

Output A to port 

1 

2 

ANL P, #data 

And immediate to port 

2 

2 

^ ORL P, #data 

Or immediate to port 

2 

2 

S INS A, BUS 

1 nput BUS to A 

1 

2 

§ OUTL BUS, A 

Output A to BUS 

1 

2 

\ ANL BUS, #data 

And immediate to BUS 

2 

2 

£ ORL BUS,#data 

Or immediate to BUS 

2 

2 

MOVD A, P 

Input Expander port to A 

1 

2 

MOVD P, A 

Output A to Expander port 

1 

2 

ANLD P, A 

And A to Expander port 

1 

2 

ORLD P, A 

Or A to Expander port 

1 

2 

£ INCR 

Increment register 

1 

1 

INC @R 

Increment data memory 

1 

1 

f DEC R 

Decrement register 

1 

1 



JMPaddr 

Jump unconditional 

2 

2 


JMPP @A 

Jump indirect 

1 

2 


DJNZ R, addr 

Decrement register and skip 

2 

2 


JC addr 

Jump on Carry = 1 

2 

2 


JNCaddr 

Jump on Carry = 0 

2 

2 


J Z addr 

Jump on A Zero 

2 

2 


JNZaddr 

Jump on A not Zero 

2 

2 

JC. 

o 

JTO addr 

Jump on TO = 1 

2 

2 

c 

ra 

JNTOaddr 

Jump on TO = 0 

2 

2 


JT1 addr 

Jump on T1 = 1 

2 

2 


JNT1 addr 

Jump on T1 =0 

2 

2 


JFOaddr 

Jump on F0 = 1 

2 

2 


JF1 addr 

Jump on F1 = 1 

2 

2 


JTFaddr 

Jump on timer flag 

2 

2 


JNI addr 

Jump on INT = 0 

2 

2 


JBb addr 

Jump on Accumulator Bit 

2 

2 


Mnemonic Description Bytes Cycles 


Subroutine 

3J 3 O 
m m > 

—1 —1 r 

DO r 

Jump lo subroutine 

Return 

Return and restore status 

2 

1 

1 

2 

2 

2 

CLR C 

Clear Carry 

1 

1 

CPL C 

Complement Carry 

1 

1 

| CLR F0 

Clear Flag 0 

1 

1 

il CPL F0 

Complement Flag 0 

1 

1 

CLR FI 

Clear Flag 1 

1 

1 

CPL FI 

Complement Flag 1 

1 

1 



MOV A, R 

Move register to A 

1 

1 


MOV A, @R 

Move data memory to A 

1 

1 


MOV A, #data 

Move immediate to A 

2 

2 


MOV R, A 

Move A to register 

1 

1 


MOV @R, A 

Move A to data memory 

1 

1 


MOV R, #data 

Move immediate to register 

2 

2 

<£ 

> 

MOV @R, #data 

Move immediate to data memory 

2 

2 

o 

5 

MOV A, PSW 

Move PSW to A 

1 

1 

as 

MOV PSW, A 

Move A to PSW 

1 

1 

O 

XCH A, R 

Exchange A and register 

1 

1 


XCH A,@R 

Exchange A and data memory 

1 

1 


XCHD A, @R 

Exchange nibble of A and register 

1 

1 


MOVX A, @R 

Move external data memory to A 

1 

2 


MOVX @R, A 

Move A to external data memory 

1 

2 


MOVP A, @A 

Move to A from current page 

1 

2 


MOVP3 A, @A 

Move to A from Page 3 

1 

2 


tu 

MOV A, T 
MOV T. A 

Read Timer/Counter 1 

Load Timer/Counter 1 

1 

1 

c 

3 

STRTT 

Start Timer 1 

1 

o 

CJ 

STRT CNT 

Start Counter 1 

1 

'fe 

STOP TCNT 

Stop Timer/Counter 1 

1 

E 

EN TCNTI 

Enable Timer/Counter Interrupt 1 

1 


DISTCNTI 

Disable Timer/Counter Interrupt 1 

1 


EN 1 

Enable external interrupt 

1 1 

DIS 1 

Disable external interrupt 

1 1 

o SELRBO 

Select register bank 0 

1 1 

c SEL RBI 

Select register bank 1 

1 1 

O SELMBO 

Select memory bank 0 

1 1 

SEL MB 1 

Select memory bank 1 

1 1 

ENTO CLK 

Enable Clock output on TO 

1 1 

NOP 

No Operation 

1 1 


Mnemonics copyright Intel Corporation 1976. 
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SYMBOLS AND ABBREVIATIONS USED 

A Accumulator 

AC Auxiliary Carry 

addr 12-Bit Program Memory Address 

Bb Bit Designator (b=0-7) 

BS Bank Switch 

BUS BUS Port 

C Carry 

CLK Clock 

CNT Event Counter 

D Mnemonic for 4-Bit Digit (Nibble) 

data 8-Bit Number or Expression 

DBF Memory Bank Flip-Flop 

FO, FI Flag 0, Flag 1 

I Interrupt 

P Mnemonic for “in-page” Operation 

PC Program Counter 

Pp Port Designator (p=1, 2 or 4-7) 

PSW Program Status Word 

Rr Register Designator (r=0, 1 or 0-7) 

SP Stack Pointer 

T Timer 

TF Timer Flag 

TO, T1 Test 0, Test 1 

X Mnemonic for External RAM 

# Immediate Data Prefix 

@ Indirect Address Prefix 

$ Current Value of Program Counter 

(X) Contents of X 

((X)) Contents of Location Addressed by X 
Is Replaced by 
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ADD A,R r Add Register Contents to Accumulator 



0 110 

1 r r r 


The contents of register ‘r’ are added to the 
accumulator. Carry is affected. 

(A) (A) + (Rr) r=0-7 

Example: ADDREG: ADD A,R6 ;ADD REG 6 CONTENTS 

;TO ACC 

ADD A,@R r Add Data Memory Contents to Accumulator 



0 110 

0 0 0 r 


The contents of the resident data memory location 
addressed by register Y bits 0-5 are added to 
the accumulator. Carry is affected. 

(A)^-(A) + ((Rr)) r=0-1 

Example: ADDM: MOV R0, #0AFH ;MOVE ‘AF’ HEX TO REG 0 
ADD A, @R0 ;ADD VALUE OF LOCATION 

;47 TO ACC 


ADD A,#data Add Immediate Data to Accumulator 


0 0 0 0 

0 0 11 


d7 d 6 d 5 d 4 

d3 d2 di do 


This is a 2-cycle instruction. The specified data 
is added to the accumulator. Carry is affected 


(A)-«- (A) + data 

Example: ADDID: ADD A,#ADDER: ;ADD VALUE OF SYMBOL 

;‘ADDER’ TO ACC 

ADDC A,R r Add Carry and Register Contents to Accumulator 



0 111 

1 r r r 


The content of the carry bit is added to accumulator 
location 0 and the carry bit cleared. The contents 
of register ‘r’ are then added to the accumulator. 
Carry is affected. 

(A) •*- (A)+(Rr)+(C) r=0-7 

Example: ADDRGC: ADDC A,R4 ;ADD CARRY AND REG 4 

;CONTENTS TO ACC 


Mnemonics copyright Intel Corporation 1976. 
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ADDC A,@R r Add Carry and Data Memory Contents to Accumulator 



0 111 

0 0 0 r 


The content of the carry bit is added to accumulator 
location 0 and the carry bit cleared. Then the contents 
of the resident data memory location addressed by 
register ‘r’ bits 0-5 are added to the accumulator. 

Carry is affected. 

(A)-*- (A)+((Rr))+(C) r=0-1 

Example: ADDMC: MOV R1,#40 ;MOVE ‘40’ DEC TO REG 1 

ADDC A,@R1 ;ADD CARRY AND LOCATION 40 
CONTENTS TO ACC 


ADDC A,#data Add Carry and Immediate Data to Accumulator 


0 0 0 1 

0 0 11 


d7 d6 d5 d4 

d3 d2 di do 


This is a 2-cycle instruction. The content of the 
carry bit is added to accumulator location 0 and 
the carry bit cleared. Then the specified data is 
added to the accumulator. Carry is affected. 

(A)-*- (A)+data+(C) 

Example: ADDC A,#225 ;ADD CARRY AND ‘225’ DEC 

;TO ACC 

ANL A,R r Logical AND Accumulator With Register Mask 



0 10 1 

1 r r r 


Data in the accumulator is logically ANDed with the 
mask contained in working register ‘r’. 

(A)-«- (A) AND (Rr) r=0-7 

Example: ANDREG: ANL A,R3 ;‘AND’ ACC CONTENTS WITH MASK 

;IN REG 3 


ANL A,@R r Logical AND Accumulator With Memory Mask 


0 10 1 


0 0 0 r 


Data in the accumulator is logically ANDed with the 
mask contained in the data memory location referenced 
by register ‘r’, bits 0-5. 


(A)-*- (A) AND ((Rr)) r=0-1 


Example: 


ANDDM: MOV R0,#0FFH 
ANL A, @R0 


MOVE ‘FF’ HEX TO REG 0 
‘AND’ ACC CONTENTS WITH 
MASK IN LOCATION 63 


Mnemonics copyright Intel Corporation 1976. 
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ANL A,#data Logical AND Accumulator With Immediate Mask 


0 10 1 

0 0 11 


d7 ^6 d 5 <^4 d3d2d-|d() 


This is a 2-cycle instruction. Data in the accumulator 
is logically ANDed with an immediately-specified mask. 

(A)-*- (A) AND data 

Examples: ANDID: ANL A,#OAFH ;‘AND’ ACC CONTENTS 

;WITH MASK 10101111 
ANL A,#3+X/Y ;‘AND’ ACC CONTENTS 
;WITH VALUE OF EXP 
;‘3+X/Y’ 


ANL BUS,#data Logical AND BUS With Immediate Mask 


10 0 1 

10 0 0 


d7dg ds d4 

d3 d2 di do 


This is a 2-cycle instruction. Data on the BUS port is 
logically ANDed with an immediately-specified mask. This 
instruction assumes prior specification of an ‘OUTL 
BUS, A’ instruction. 


(BUS)-*- (BUS) AND data 


Example: 


ANDBUS: ANL BUS, #MASK 


■AND’ BUS CONTENTS 
WITH MASK EQUAL VALUE 
OF SYMBOL ‘MASK’ 


ANL Pp,#data Logical AND Port 1-2 With Immediate Mask 


10 0 1 

1 0 p p 


d7 d6 d5 d4 

d3 d2 di do 


This is a 2-cycle instruction. Data on port ‘p’ is 
logically ANDed with an immediately-specified mask. 


(Pp)-*- (Pp) AND data p=1-2 


Example: ANDP2: ANL P2,#0F0H 


‘AND’ PORT 2 CONTENTS 
WITH MASK ‘F0’ HEX 
(CLEAR P20-23) 


ANLD Pp,A Logical AND Port 4-7 With Accumulator Mask 



10 0 1 

1 1 p p 


This is a 2-cycle instruction. Data on port ‘p’ is 
logically ANDed with the digit mask contained in 
accumulator bits 0-3. 


(Pp)-*- (Pp) AND (AO-3) p=4-7 
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Note: The mapping of port ‘p’ to opcode bits 0-1 
is as follows: 

1 0 Port 

0 0 4 

0 1 5 

1 0 6 

1 0 7 


Example: ANDP4: ANLD P4,A ;‘AND’ PORT 4 CONTENTS 

;WITH ACC BITS 0-3 

CALL address Subroutine Cali 


a 10 a 9 a 8 1 

0 10 0 


a 7 ag 85 a4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. The program counter and 
PSW bits 4-7 are saved in the stack. The stack pointer 
(PSW bits 0-2) is updated. Program control is then 
passed to the location specified by ‘address’. PC 
bit 11 is determined by the most recent SEL MB instruction. 


Execution continues at the instruction following the 
CALL upon return from the subroutine. 


((SP)) - (PC), (PSW 4 _ 7 ) 
(SP) — (SP )+1 
(PCs-io) — (addrs-io) 
(PC 0 - 7 ) — addrp -7 
(PCn) - DBF 


Example: Add three groups of two numbers. Put subtotals in 
locations 50, 51 and total in location 52. 


MOV R0,#50 

BEGADD: MOV A,R 1 

ADD A,R2 
CALL SUBTOT 
ADD A R3 
ADD A,R4 
CALL SUBTOT 
ADD A,R5 
ADD A,R 6 
CALL SUBTOT 


MOVE ‘50’ DEC TO ADDRESS 
REG 0 

MOVE CONTENTS OF REG 1 
TO ACC 

ADD REG 2 TO ACC 

CALL SUBROUTINE ‘SUBTOT’ 

ADD REG 3 TO ACC 

ADD REG 4 TO ACC 

CALL SUBROUTINE ‘SUBTOT’ 

ADD REG 5 TO ACC 

ADD REG 6 TO ACC 

CALL SUBROUTINE ‘SUBTOT’ 


SUBTOT: MOV @R0,A 


INC R0 
RET 


MOVE CONTENTS OF ACC TO 
LOCATION ADDRESSED BY 
REG 0 

INCREMENT REG 0 
RETURN TO MAIN PROGRAM 


Mnemonics copyright Intel Corporation 1976. 
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CLR A Clear Accumulator 


0 0 10 


0 111 


The contents of the accumulator are cleared to zero. 


A-*- 0 


CLR C Clear Carry Bit 



10 0 1 

0 111 


During normal program execution, the carry bit can 
be set to one by the ADD, ADDC, RLC, CPL C, RRC, and 
DAA instructions. This instruction resets the carry bit to zero. 

C-«- 0 


CLR FI Clear Flag 1 


10 10 


0 10 1 


Flag 1 is cleared to zero. 
(FI)-*- 0 

CLR F0 Clear Flag 0 


10000101 


Flag 0 is cleared to zero. 
(F0)-*- 0 


CPL A Complement Accumulator 



0 0 11 

0 111 


The contents of the accumulator are complemented. 

This is strictly a one’s complement. Each one is 
changed to zero and vice-versa. 

(A)-*- NOT (A) 

Example: Assume accumulator contains 01101010. 

CPLA: CPL A ;ACC CONTENTS ARE COMPLE- 

;MENTED TO 10010101 

CPL C Complement Carry Bit 



10 10 

0 111 


The setting of the carry bit is complemented; one is 
changed to zero, and zero is changed to one. 

(C)-«- NOT (C) 

Example: Set C to one; current setting is unknown. 

CTOI: CLR C ;C IS CLEARED TO ZERO 

CPL C ;C IS SET TO ONE 
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CPL FO Complement Flag 0 



The setting of flag 0 is complemented; one is 
changed to zero, and zero is changed to one. 

FO-*- NOT (FO) 


CPL FI Complement Flag 1 



The setting of flag 1 is complemented; one is 
changed to zero, and zero is changed to one. 

(FI)-*— NOT (FI) 


DA A Decimal Adjust Accumulator 



The 8-bit accumulator value is adjusted to form two 
4-bit Binary Coded Decimal (BCD) digits following 
the binary addition of BCD numbers. The carry bit 
C is affected. If the contents of bits 0-3 are 
greater than nine, or if AC is one, the accumulator 
is incremented by six. 

The four high-order bits are then checked. If bits 
4-7 exceed nine, or if C is one, these bits are 
increased by six. If an overflow occurs, C is 
set to one; otherwise, it is cleared to zero. 

Example: Assume accumulator contains 10011011. 

DA A ;ACC ADJUSTED TO 00000001 

;WITH C SET 

C AC 7 4 3 0 

0 0 1 0 0 1 1 0 1 1 

0 110 ADD SIX TO BITS 0-5 
0 0 1 0 1 0 0 0 0 1 

0 110 ADD SIX TO BITS 4-7 

10 0000 0001 OVERFLOW TO C 


DEC A Decrement Accumulator 



The contents of the accumulator are decremented by one. 
(A)-*- (A)-1 
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Example: 


Decrement contents of external data memory location 63. 


MOV R0,#3FH 
MOVX A,@R0 

DEC A 

MOVX @R0,A 


MOVE *3F’ HEX TO REG 0 

MOVE CONTENTS OF LOCATION 63 

TO ACC 

DECREMENT ACC 
MOVE CONTENTS OF ACC TO 
LOCATION 63 IN EXPANDED 
MEMORY 


DEC R r Decrement Register 



1100 

1 r r r 


• The contents of working register ‘r’ are decremented 
by one. 

(Rr)-*— (Rr)-1 r=0-7 

Example: DECR1: DEC R1 DECREMENT CONTENTS OF REG 1 

DIS I Disable External Interrupt 


0 0 0 1 


0 10 1 


External interrupts are disabled. A low signal on 
the interrupt input pin has no effect. 


DIS TCNTI Disable Timer/Counter Interrupt 



0 0 11 

0 10 1 


Timer/counter interrupts are disabled. Any pending 
timer interrupt request is cleared. The interrupt 
sequence is not initiated by an overflow, but the 
timer flag is set and time accumulation continues. 

DJNZ R r , address Decrement Register and Test 


1110 

1 r r r 


a 7 a 6 a 5 a 4 a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Register Y is 
decremented and tested for zero. If the register 
contains all zeros, program control falls through 
to the next instruction. If the register contents 
are not zero, control jumps to the specified ‘address’. 

The address in this case must evaluate to 8-bits, that 
is, the jump must be to a location within the current 
256-location page. 

(Rr)-*— (Rr)-1 r=0-7 

If Rr not 0 
(PC 0 - 7 H- addr 
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Note: A 12-bit address specification does not cause an 
error if the DJNZ instruction and the jump target are 
on the same page. If the DJNZ instruction begins in 
location 255 of a page, it must jump to a target 
address on the following page. 


Example: 


Increment values in data memory locations 50-54. 


MOV R0,#50 
MOV R3,#5 
INCRT: INC @R0 

INC R0 

DJNZ R3, INCRT 
NEXT — 


MOVE ‘50’ DEC TO ADDRESS 
REG 0 

MOVE ‘5’ DEC TO COUNTER 
REG 3 

INCREMENT CONTENTS OF 
LOCATION ADDRESSED BY 
REG 0 

INCREMENT ADDRESS IN REG 0 
DECREMENT REG 3 — JUMP TO 
‘INCRT’ IF REG 3 NONZERO 
‘NEXT’ ROUTINE EXECUTED 
IF R3 IS ZERO 


EN I Enable External Interrupt 



0 0 0 0 

0 10 1 


External interrupts are enabled. A low signal on 
the interrupt input pin initiates the interrupt 
sequence. 

EN TCNTI Enable Timer/Counter Interrupt 



0 0 10 

0 10 1 


Timer/counter interrupts are enabled. An overflow 
of this register initiates the interrupt sequence. 

ENTO CLK Enable Clock Output 



0 111 

0 10 1 


The test 0 pin is enabled to act as the clock output. 

This function is disabled by a system reset. 

Example: EMTSTO: ENTO CLK ;ENABLE TO AS CLOCK OUTPUT 


IN A,Pp Input Port or Data to Accumulator 



0 0 0 0 

1 0 p p 


This is a 2-cycle instruction. Data present on port 
‘p’ is transferred (read) to the accumulator. 

(A)-*- (Pp) P=1-2 
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Example: INP12: IN A,PI 

MOV R6,A 
IN A,P2 
MOV R7,A 

INC A Increment Accumulator 


INPUT PORT 1 CONTENTS 
TO ACC 

MOVE ACC CONTENTS TO 
REG 6 

INPUT PORT 2 CONTENTS 
TO ACC 

MOVE ACC CONTENTS TO REG 7 


0 0 0 1 


0 111 


The contents of the accumulator are incremented 
by one. 


(A)— (A)+1 


Example: 


Increment contents of location 100 in external 
data memory. 


INCA: MOV R0,#100 
MOVX A,@R0 
INC A 

MOVX @R0,A 


MOVE ‘100’ DEC TO ADDRESS 
REG 0 

MOVE CONTENTS OF LOCATION 

100 TO ACC 

INCREMENT A 

MOVE ACC CONTENTS TO 

LOCATION 100 


INC R r Increment Register 



0 0 0 1 

1 r r r 


The contents of working register ‘r’ are incremented 
by one. 

(Rr)-*- (Rr)+1 r=0-7 

Example: INCR0: INC R0 INCREMENT ADDRESS REG 0 


INC @R r Increment Data Memory Location 



0 0 0 1 

0 0 0 r 


The contents of the resident data memory location 
addressed by register ‘r’ bits 0-5 are incremented 
by one. 

((Rr)) ((Rr)) + 1 r=0-1 

Example: INCDM: MOV R1,#OFFH ;MOVE ONES TO REG 1 

INC @R1 INCREMENT LOCATION 63 
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INSTRUCTION SET 


INS A,BUS Strobed Input of BUS Data to Accumulator 


0000 


10 0 0 


This is a 2-cycle instruction. Data present on the 
BUS port is transferred (read) to the accumulator 
when the RD pulse is dropped. (Refer to section on 
programming memory expansion for details). 


(A)— (BUS) 


Example: INPBUS: INS A,BUS ;INPUT BUS CONTENTS 

;TO ACC 


JBb address Jump If Accumulator Bit is Set 


b 2 bi b 0 1 


0 0 10 


a? ag 85 


a 3 a 2 a l a o 


This is a 2-cycle instruction. Control passes to the 
specified address if accumulator bit ‘b’ is set 
to one. 


(PC 0 - 7 )-*- addr 
(PC) = (PC)+2 

Example: JB4IS1: JB4 NEXT 


If Bb=1 
If Bb=0 

;JUMP TO ‘NEXT’ ROUTINE 
;IF ACC BIT 4=1 


JC address 

Jump If Carry Is Set 



1111 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the carry bit is set to one. 


(PC 0 _ 7 H— addr If C =1 

(PC) = (PC)+2 If C=0 


Example: JC1: JC OVFLOW 


;JUMP TO ‘OVFLOW’ ROUTINE 
; IF C=1 


JF0 address Jump If Flag 0 Is Set 


1011 


0 110 


a 6 a 5 a 4 


a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if flag 0 is set to one. 


(PC 0 - 7 )-*— addr If F0=1 

(PC) = (PC)+2 If F0=0 


Example: JF0IS1: JF0 TOTAL 


;JUMP TO ‘TOTAL 1 ROUTINE 
; IF F0=1 
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INSTRUCTION SET 


JF1 address Jump If Flag 1 Is Set 






0111 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if flag 1 is set to one. 

(PC 0 - 7 )-*- addr If FI = 1 

(PC) = (PC)+2 IF F1=0 

Example: JFI IS1: JF 1 FILBUF ;JUMP TO ‘FILBUF’ 

;ROUTINE IF FI=1 


JMP address Direct Jump Within 2K Block 






a 10 a 9 a 8 1 

0 10 0 

i 

a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Bits 0-10 of the program 
counter are replaced with the directly-specified 
address. The setting of PC bit 11 is determined by 
the most recent SELECT MB instruction. 


(PCg-io) addr 8-10 
(PC 0 - 7 )-*- addr 0-7 
(PCn)—DBF 

Example: JMP SUBTOT 
JMP $-6 

JMP 2FH 


JUMP TO SUBROUTINE ‘SUBTOT’ 

JUMP TO INSTRUCTION SIX LOCATIONS 
BEFORE CURRENT LOCATION 
JUMP TO ADDRESS ‘2F’ HEX 


JMPP @A Indirect Jump Within Page 



1011 

0 0 11 


This is a 2-cycle instruction. The contents of the 
program memory location pointed to by the accumulator 
are substituted for the ‘page’ portion of the program 
counter (PC bits 0-7). 


(PCq- 7 )^- ((A)) 

Example: Assume accumulator contains OFH. 

JMPPAG: JMPP @A ;JUMP TO ADDRESS STORED IN 

;LOCATION 15 IN CURRENT PAGE 


JNC address Jump If Carry Is Not Set 


1110 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the carry bit is not set, that 
is, equals zero. 
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INSTRUCTION SET 


(PC 0 - 7 )^- addr If C=0 

(PC) = (PC)+2 IF C=1 


Example: JCO: JNC NOVFLO 


;JUMP TO ‘NOVFLO’ ROUTINE 
;If C =0 


JNI address Jump If Interrupt Input is Low 






10 0 0 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the interrupt input signal is 
low (= 0 ), that is, an external interrupt has 
been signaled. (This signal initiates an interrupt 
service sequence if the external interrupt is enabled.) 

(PC 0 - 7 )-*- addr If 1=0 

(PC) = (PC)+2 If 1=1 

Example: LOC 3: JNI EXTINT ;JUMP TO ‘EXTINT’ ROUTINE 

; If 1=0 

JNTO address Jump If Test 0 Is Low 






0010 

0110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address, if the test 0 signal is low 

(PC 0 - 7 )-*- addr If T0=0 

(PC) = (PC)+2 If T0=1 

Example: JTOLOW: JNTO 60 ;JUMP TO LOCATION 60 DEC 

; IF T0=0 

JNT1 address Jump If Test 0 Is High 






0100 

0110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address, if the test 0 signal is high. 

(PC 0 - 7 )-«- addr If T 0=1 

(PC) = (PC)+2 If T0=0 

JNZ address Jump If Accumulator Is Not Zero 






1001 

0110 


a 7 a@ 85 84 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control pases to the 
specified address if the accumulator contents are 
nonzero at the time this instruction is executed. 


(PCo- 7 )^ addr 
(PC) = (PC)+2 

Example: JACCN0: JNZ 0 ABH 
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If A*0 
If A=0 

;JUMP TO LOCATION ‘AB’ HEX 
;IF ACC VALUE IS NONZERO 
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INSTRUCTION SET 


JTF address Jump If Timer Flag Is Set 






0 0 0 1 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the timer flag is set to one, 
that is, the timer/counter register has overflowed. 
Testing the timer flag resets it to zero. (This 
overflow initiates an interrupt service sequence 
if the timer-overflow interrupt is enabled.) 

(PC 0 - 7 )'*- addr If TF=1 

(PC) = (PC)+2 If TF=0 

Example: JTF1: JTF TIMER ;JUMP TO ‘TIMER’ ROUTINE 

;IF TF=1 


JTO address Jump If Test 0 Is High 






0 0 11 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the test 0 signal is high (=1). 

(PC 0 _ 7 )-*- addr If T0=1 

(PC) = (PC)+2 If T0=0 

Example: JTOHI: JTO 53 ;JUMP TO LOCATION 53 DEC 

; IF T0=1 


JT1 address Jump If Test 1 Is High 


0 10 1 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the test 1 signal is high (=1). 


(PC 0 _ 7 )-*- addr If T1 = 1 

(PC) = (PC)+2 If T1=0 


Example: JT1HI: JT1 COUNT 


;JUMP TO ‘COUNT’ ROUTINE 
;IF T1=1 


JZ address Jump If Accumulator Is Zero 






110 0 

0 110 


a 7 a 6 a 5 a 4 

a 3 a 2 a 1 a 0 


This is a 2-cycle instruction. Control passes to the 
specified address if the accumulator contains all 
zeros at the time this instruction is executed. 


(PCg. 7 )-<- addr 
(PC) = (PC)+2 

Example: JACCO: JZ OA3H 


If A=0 
If A*0 

;JUMP TO LOCATION ‘A3’ HEX 
;IF ACC VALUE IS ZERO 
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INSTRUCTION SET 


MOV A,#data Move Immediate Data to Accumulator 


0 0 10 

0 0 11 


d7 d6 d 5 d 4 

d3 d2 di dp 


This is a 2-cycle instruction. The 8-bit value 
specified by ‘data’ is loaded in the accumulator. 


(A)-*- data 

Example: MOV A,#0A3H ;MOVE ‘A3’ HEX TO ACC 

MOV A,PSW Move PSW Contents to Accumulator 



1100 

0 111 


The contents of the program status word are moved 
to the accumulator. 


(A)-*- (PSW) 


Example: Jump to ‘RBISET’ routine if PSW bank switch, bit 4, 
is set. 

BSCHK: MOV A.PSW ;MOVE PSW CONTENTS TO ACC 
JB4RB1SET ;JUMP TO ‘RB1SET’ IF ACC 
;BIT 4=1 


MOV A,R r Move Register Contents to Accumulator 



inn 



8 -bits of data are moved from working register Y 
into the accumulator. 


(A)-*- (Rr) r=0-7 

Example: MAR: MOV A,R3 ;MOVE CONTENTS OF REG 3 

;TO ACC 

MOV A,@R r Move Data Memory Contents to Accumulator 



1111 

0 0 0 r 


The contents of the resident data memory location 
addressed by bits 0-5 of register Y are moved to 
the accumulator. Register Y contents are unaffected. 

(A)-*- ((Rr)) r=0-1 

Example: Assume R1 contains 01110110. 

MADM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM 

;LOCATION 54 TO ACC 
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INSTRUCTION SET 


MOV A,T Move Timer/Counter Contents to Accumulator 



0 10 0 

0 0 10 


The contents of the timer/event-counter register 
are moved to the accumulator. 


(A)-«- (T) 

Example: Jump to “EXIT” routine when timer reaches ‘64’, 

that is, when bit 6 set — assuming initialization 64, 
TIMCHK: MOV A,T ;MOVE TIMER CONTENTS TO 

;ACC 

JB6 EXIT ;JUMP TO‘EXIT’IF ACC BIT 
;6=1 


MOV PSW,A Move Accumulator Contents to PSW 


110 1 


0 111 


The contents of the accumulator are moved into the 
program status word. All condition bits and the 
stack pointer are affected by this move. 

(PSW)-«- (A) 


Example: 


Move up stack pointer by two memory locations, 
that is, increment the pointer by one. 


INCPTR: MOV A,PSW 
INC A 

MOV PSW,A 


MOVE PSW CONTENTS TO ACC 
INCREMENT ACC BY ONE 
MOVE ACC CONTENTS TO PSW 


MOV R r ,A Move Accumulator Contents to Register 



10 10 

1 r r r 


The contents of the accumulator are moved to 
register ‘r’. 


(Rr)«*-(A) r=0-7 

Example: MRA: MOV R0,A ;MOVE CONTENTS OF ACC TO 

;REG 0 


MOV R r ,#data Move Immediate Data to Register 


10 11 

1 r 2 r-f r 0 


d7d6d5d4 d3d 2 d-|do 


This is a 2-cycle instruction. The 8-bit value 
specified by ‘data’ is moved to register ‘r’. 

(Rr)-«- data r=0-7 
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INSTRUCTION SET 


Examples: MIR4: MOV R4,#HEXTEN 


MIR 5: MOV R5,#PI*(R*R) 


MIR 6: MOV R6, #0ADH 


THE VALUE OF THE SYMBOL 
‘HEXTEN’ IS MOVED INTO 
REG 4 

THE VALUE OF THE 
EXPRESSION ‘PI*(R*R) 

IS MOVED INTO REG 5 
‘AD’ HEX IS MOVED INTO 
REG 6 


MOV @R r ,A Move Accumulator Contents to Data Memory 



10 10 

0 0 0 r 


The contents of the accumulator are moved to the 
resident data memory location whose address is 
specified by bits 0-5 of register ‘r’. Register ‘r’ 
contents are unaffected. 


((Rr)) — (A) r=0-1 

Example: Assume R0 contains 11000111. 

MDMA: MOV @R0,A ;MOVE CONTENTS OF ACC TO 

;LOCATION 7 (REG 7) 

MOV @R r ,#data Move Immediate Data to Data Memory 






10 11 

0 0 0 r 


d7 dg ds d4 

d3 d2 di dp 


This is a 2-cycle instruction. The 8-bit value 
specified by ‘data’ is moved to the resident data 
memory location addressed by register ‘r’, bits 0-5. 


((Rr))-*- data r=0-1 

Examples: Move the hexadecimal value AC3F to locations 62-63. 


MIDM: MOV R0,#62 

MOV @R0,#OACH 
INC R0 

MOV @R0, #3FH 


MOVE ‘62’ DEC TO ADDR REG 0 
MOVE ‘AC’ HEX TO LOCATION 62 
INCREMENT REG 0 TO ‘63’ 

MOVE ‘3F’ HEX TO LOCATION 63 


MOV T,A Move Accumulator Contents to Timer/Counter 


0 110 


0 0 10 


The contents of the accumulator are moved to the 
timer/event-counter register. 

(T)^- (A) 


Example: 


Initialize and start event counter. 


INITEC: CLR A 

MOV T,A 
STRT CNT 


CLEAR ACC TO ZEROS 

MOVE ZEROS TO EVENT COUNTER 

START COUNTER 
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INSTRUCTION SET 


MOVD A,Pp Move Port 4-7 Data to Accumulator 



0000 

11 p p 


This is a 2-cycle instruction. Data on 8243 port 
‘p’ is moved (read) to accumulator bits 0-3. 
Accumulator bits 4-7 are zeroed. 


(0-3) (Pp) p=4-7 

(4-7)-*- 0 

Note: Bits 0-1 of the opcode are used to represent ports 
4-7. If you are coding in binary rather than assembly 
language, the mapping is as follows: 

Bits 1 0 Port 

0 0 4 

0 1 5 

1 0 6 

1 1 7 

Example: INPPT5: MOVD A,P5 ;MOVE PORT 5 DATA TO ACC 

;BITS 0-3, ZERO ACC BITS 4-7 


MOVD Pp,A Move Accumulator Data to Port 4-7 


0 0 11 


1 1 p p 


Data in accumulator bits 0-3 is moved (written) to 
8243 port ‘p’. Accumulator bits 4-7 are unaffected. 
(See NOTE above regarding port mapping.) 


(Pp)-(A 0 _ 3 ) P=4-7 

Example: Move data in accumulator to ports 4 and 5. 

OUTP45: MOVD P4,A ;MOVE ACC BITS 0-3 TO PORT 4 

SWAP A ;EXCHANGE ACC BITS 0-3 AND 4-7 

MOVD P5,A ;MOVE ACC BITS 0-3 TO PORT 5 


MOVP A,@A Move Current Page Data to Accumulator 


10 10 


0 0 11 


The contents of the program memory location addressed 
by the accumulator are moved to the accumulator. Only 
bits 0-7 of the program counter are affected, limiting 
the program memory reference to the current page. The 
program counter is restored following this operation 


(PC 0 - 7 )— (A) 

(A)-*- ((PC)) 

Note: This is a 1-byte, 2-cycle instruction. If it appears 
in location 255 of a program memory page, @A addresses 
a location in the following page. 
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INSTRUCTION SET 


Example: MOV128: MOV A,#128 
MOVP, A,@A 


MOVE ‘128’ DEC TO ACC 
CONTENTS OF 129th LOCATION 
IN CURRENT PAGE ARE MOVED TO 
ACC 


MOVP3 A,@A Move Page 3 Data to Accumulator 


1110 


0 0 11 


This is a 2-cycle instruction. The contents of the 
program memory location (within page 3) addressed by 
the accumulator are moved to the accumulator. The 
program counter is restored following this operation. 

(PC 0 -7)^ (A) 

(PC 8 . 10 )— 011 
(A)-*- ((PC)) 


Example: 


Look up ASCII equivalent of hexadecimal code in table 
contained at the beginning of page 3. Note that ASCII 
characters are designated by a 7-bit code; the eighth 
bit is always reset. 


TABSCH: MOV A,#0B8H 
ANL A,#7FH 

MOVP3, A,@A 


MOVE ‘B8’ HEX TO ACC (10111000) 
LOGICAL AND ACC TO MASK BIT 
7 (00111000) 

MOVE CONTENTS OF LOCATION 
‘38’ HEX IN PAGE 3 TO ACC 
(ASCII ‘8’) 


Access contents of location in page 3 labelled TAB1. 
Assume current program location is not in page 3. 


TABSCH: MOV A,#LOW TAB1 .ISOLATE BITS 0-7 OF LABEL 

;ADDRESS VALUE 

MOVP3 A,@A ;MOVE CONTENTS OF PAGE 3 

;LOCATION LABELED ‘TABT 
;TO ACC 


MOVX A,@R r Move External-Data-Memory Contents to Accumulator 


1000 


0 0 0 r 


This is a 2-cycle instruction. The contents of the 
external data memory location addressed by register 
‘r’ are moved to the accumulator. Register ‘r’ contents 
are unaffected. 


Example: 


(A)— ((Rr)) r=0-1 

Assume R1 contains 01110110. 

MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION 

;118 TO ACC 
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INSTRUCTION SET 


MOVX @R r ,A Move Accumulator Contents to External Data Memory 



10 0 1 

0 0 0 r 


This is a 2-cycle instruction. The contents of the 
accumulator are moved to the external data memory 
location addressed by register ‘r’. Register ‘r’ 
contents are unaffected. 


((Rr)) A 

Example: Assume RO contains 11000111. 
MXDMA: MOVX @R0,A 

NOP The NOP Instruction 


MOVE CONTENTS OF ACC TO 
LOCATION 199 IN EXPANDED 
DATA MEMORY 



0 0 0 0 

0 0 0 0 


ORL A,R r 1 

No operation is performed. Execution continues with 
the following instruction. 

Logical OR Accumulator With Register Mask 


0 10 0 

1 r r r 



Data in the accumulator is logically ORed with the 
mask contained in working register ‘r’. 


(A)—- (A) OR (Rr) r=0-7 

Example: ORREG: ORL A,R4 ;‘OR’ ACC CONTENTS WITH 

;MASK IN REG 4 

ORL A,@R r Logical OR Accumulator With Memory Mask 



0 10 0 

0 0 0 r 


Data in the accumulator is logically ORed with the mask 
contained in the resident data memory location referenced by 
register ‘r’, bits 0-5. 

(A)—(A) OR ((Rr)) r=0-1 

Example: ORDM: MOV R0,#3FH ;MOVE ‘3F’ HEX TO REG 0 

ORL A,@R0 ;‘OR’ ACC CONTENTS WITH MASK 

;IN LOCATION 63 


ORL A,#data Logical OR Accumulator With Immediate Mask 


0 10 0 

0 0 11 


d7 d 6 d 5 d 4 

d 3 d 2 d 1 d 0 


This is a 2-cycle instruction. Data in the accumulator 
is logically ORed with an immediately-specified mask. 


(A)-*- (A) OR data 
Example: ORID: ORL A,#‘X’ 
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INSTRUCTION SET 


ORL BUS,#data Logical OR BUS With Immediate Mask 


10 0 0 

10 0 0 


d7 d6 ds d4 

d 3 d2 di do 


This is a 2-cycle instruction. Data on the BUS port is 
logically ORed with an immediately-specified mask. This 
instruction assumes prior specification of an ‘OUTL BUS,A’ 
instruction. 


(BUS)-*- (BUS) OR data 


Example: ORBUS: ORL BUS,#HEXMSK 


‘OR’ BUS CONTENTS WITH 
MASK EQUAL VALUE OF SYMBOL 
‘HEXMSK’ 


ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask 


10 0 0 

1 0 p p 


d7 d6 ds d4 

d 3 d2 di do 


This is a 2-cycle instruction. Data on port ‘p’ 
is logically ORed with an immediately-specified mask. 

(Pp)-*- (Pp) OR data p=1-2 

Example: ORP1: ORL PI, #0FFH ;‘OR’ PORT 1 CONTENTS WITH 

;MASK ‘FF’ HEX ( SET PORT 1 
;TO ALL ONES) 


ORLD Pp,A Logical OR Port 4-7 With Accumulator Mask 


100011 


p p 


Data on port ‘p’ is logically ORed with the digit 
mask contained in accumulator bits 0-3. 


(Pp)— (PP) OR (A 0 _ 3 ) p=4-7 

Example: ORP7: ORLD P7,A ;‘OR’ PORT 7 CONTENTS 

;WITH ACC BITS 0-3 

OUTL BUS,A Output Accumulator Data to BUS 



0 0 0 0 

0 0 10 


Data residing in the accumulator is transferred 
(written) to the BUS port and latched. The latched 
data remains valid until altered by another OUTL 
instruction. Any other instruction requiring use 
of the BUS port (except INS) destroys the contents 
of the BUS latch. This includes expanded memory 
operations (such as the MOVX instruction). Logical 
operations on BUS data (AND, OR) assume the OUTL 
BUS,A instruction has been issued previously. 

(BUS)-*- (A) 

Example: OUTLBP: OUTL BUS,A ;OUTPUT ACC CONTENTS TO BUS 
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INSTRUCTION SET 


OUTL Pp,A Output Accumulator Data to Port 1 or 2 


0 0 11 


1 0 p p 


Data residing in the accumulator is transferred 
(written) to port ‘p’ and latched. 


(Pp) — (A) 

Example: OUTLP: MOV A,R7 
OUTL P2,A 
MOV A,R6 
OUTL PI,A 

RET Return Without PSW Restore 


p=1-2 

;MOVE REG 7 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORT 2 
;MOVE REG 6 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORT 1 


10 0 0 


0 0 11 


This is a 2-cycle instruction. The stack pointer 
(PSW bits 0-2) is decremented. The program counter 
is then restored from the stack. PSW bits 4-7 are 
not restored. 


(SP)-- (SP)-1 
(PC)-*- ((SP)) 

RETR Return With PSW Restore 


10 0 1 


0 0 11 


This is a 2-cycle instruction. The stack pointer is 
decremented. The program counter and bits 4-7 of the 
PSW are then restored from the stack. Note that RETR 
should be used to return from an interrupt, but 
should not be used within the interrupt service 
routine as it signals the end of an interrupt routine. 


(SP)-- (SP)-1 
(PC)—- ((SP)) 

(PSW 4-7)-- ((SP)) 


RL A Rotate Left Without Carry 



1110 

0 111 


The contents of the accumulator are rotated left one 
bit. Bit 7 is rotated into the bit 0 position. 

(AN+1)—- (An) 

(A0)-- (A7) n=0-6 

Example: Assume accumulator contains 10110001. 

RLNC: RL A ;NEW ACC CONTENTS ARE 01100011. 
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INSTRUCTION SET 


RLC A Rotate Left Through Carry 


11110111 


The contents of the accumulator are rotated left one 
bit. Bit 7 replaces the carry bit; the carry bit is 
rotated into the bit 0 position. 


(AN+1)-*- (An) 

(A0)^ (C) 
(C)^- (A7) 


n=0-6 


Example: 


Assume accumulator contains a ‘signed’ number; 
isolate sign without changing value. 


RLTC: CLR C 
RLC A 

RR A 


;CLEAR CARRY TO ZERO 
;ROTATE ACC LEFT, SIGN 
;BIT (7) IS PLACED IN CARRY 
;ROTATE ACC RIGHT — VALUE 
(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, BIT 7 
;IS ZERO 


RR A Rotate Right Without Carry 



0 111 

0 111 


The contents of the accumulator are rotated right 
one bit. Bit 0 is rotated into the bit 7 position 

(An)-*- (AN+1) n=0-6 

(A7)-*- (AO) 

Example: Assume accumulator contains 10110001. 

RRNC: RR A ;NEW ACC CONTENTS ARE 11011000 

RRC A Rotate Right Through Carry 



0 110 

0 111 


The contents of the accumulator are rotated right one 
bit. Bit 0 replaces the carry bit; the carry bit is 
rotated into the bit 7 position. 

(An)-*- (An+1) n=0-6 

(A7)-*- (C) 

(C)-*- )A0) 

Example: Assume carry is not set and accumulator contains 
10110001. 

RRTC: RRC A ;CARRY IS SET AND ACC 

CONTAINS 01011000 
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INSTRUCTION SET 


SEL MBO Select Memory Bank 0 



1110 

0 10 1 


PC bit 11 is set to zero on next branch instruction. 

All references to program memory addresses fall within 
the range 0-2047. 


(DBF)-*- 0 

Example: Assume program counter contains 834 Hex and the 
carry bit is set. 

SEL MBO ;SELECT MEMORY BANK 0 

JC $+20 ;IF C=1, JUMP TO LOCATION 

;48 HEX 


SEL MB1 Select Memory Bank 1 


11110101 


PC bit 11 is set to one on next branch instruction. 
All references to program memory addresses fall 
within the range 2048-4095. 


(DBF)-*- 1 


SEL RB0 Select Register Bank 0 



110 0 

0 10 1 


PSW bit 4 is set to zero. References to working 
registers 0-7 address data memory locations 0-7. 

This is the recommended setting for normal program 
execution. 


(BS)-*- 0 


SEL RBI Select Register Bank 1 



110 1 

0 10 1 


PSW bit 4 is set to one. References to working registers 
0-7 address data memory locations 24-31. This is the 
recommended setting for interrupt service routines, 
since locations 0-7 are left intact. The setting of 
PSW bit 4 in effect at the time of an interrupt is 
restored by the RETR instruction when the interrupt 
service routine is completed. 


(BS)— 1 


Example: Assume an external interrupt has occurred, control 

has passed to program memory location 3, and PSW bit 
4 was zero before the interrupt. 

LOC3: JNI INIT ;JUMP TO ROUTINE INIT’ IF 

INTERRUPT INPUT IS ZERO 
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INSTRUCTION SET 


INIT: MOV R7,A 

SEL RBI 
MOV R7,#0FAH 


MOVE ACC CONTENTS TO 
LOCATION 7 
SELECT REG BANK 1 
MOVE ‘FA’ HEX TO LOCATION 31 


SEL RBO 
MOV A,R7 
RETR 


SELECT REG BANK 0 

RESTORE ACC FROM LOCATION 7 

RETURN — RESTORE PC AND PSW 


STOP TCNT Stop Timer/Event-Counter 



0 110 

0 10 1 


This instruction is used to stop both time accumulation 
and event counting. 

Example: Disable interrupt, but jump to interrupt routine after 
eight overflows and stop timer. Count overflows in 
register 7. 


START: DIS TCNTI 
CLR A 
MOV T,A 
MOV R7,A 
STRT T 


DISABLE TIMER INTERRUPT 
CLEAR ACC TO ZEROS 
MOVE ZEROS TO TIMER 
MOVE ZEROS TO REG 7 
START TIMER 


MAIN: JTF COUNT 
JMP MAIN 


JUMP TO ROUTINE ‘COUNT’ 

IF TF=1 AND CLEAR TIMER FLAG 
CLOSE LOOP 


COUNT: INC R7 

MOV A,R7 
JB3 INT 

JMP MAIN 


INCREMENT REG 7 
MOVE REG 7 CONTENTS TO ACC 
JUMP TO ROUTINE ‘INT’ IF ACC 
BIT 3 IS SET (REG 7=8) 

OTHERWISE RETURN TO ROUTINE 
MAIN 


INT: STOP TCNT 

JMP 7H 


STOP TIMER 

JUMP TO LOCATION 7 (TIMER) 
INTERRUPT ROUTINE 
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INSTRUCTION SET 


STRT CNT Start Event Counter 


0 10 0 


0 10 1 


The test 1 (T1) pin is enabled as the event-counter 
input and the counter is started. The event-counter 
register is incremented with each high-to-low transition 
on the T1 pin. 


Example: 


Initialize and start event counter. Assume overflow 


is desired with first T1 input. 


STARTC: EN TCNTI 

MOV A,#0FFH 

MOV T,A 
STRT CNT 


ENABLE COUNTER INTERRUPT 
MOVE ‘FF’ HEX (ONES) TO 
ACC 

MOVE ONES TO COUNTER 
ENABLE TIAS COUNTER 
INPUT AND START 


STRT T Start Timer 


0 10 1 


0 10 1 


Timer accumulation is initiated in the timer register. 
The register is incremented every 32 instruction cycles. 
The prescaler which counts the 32 cycles is cleared 
but the timer register is not. 


Example: Initialize and start timer. 
STARTT: CLR A 

MOV T,A 
EN TCNTI 
STRT T 


CLEAR ACC TO ZEROS 
MOVE ZEROS TO TIMER 
ENABLE TIMER INTERRUPT 
START TIMER 


SWAP A Swap Nibbles Within Accumulator 


0 10 0 


0 111 


Bits 0-3 of the accumulator are swapped with bits 
4-7 of the accumulator. 


(A 4 . 7 ) (A 0 - 3 ) 

Example: Pack bits 0-3 of locations 
PCKDIG: MOV R0, #50 
MOV R 1 , #51 
XCHD A,@R0 

SWAP A 
XCHD A,@R 1 

MOV @R0,A 


50-51 into location 50. 

MOVE ‘50’ DEC TO REG 0 
MOVE ‘51’ DEC TO REG 1 
EXCHANGE BITS 0-3 OF ACC 
AND LOCATION 50 
SWAP BITS 0-3 AND 4-7 OF ACC 
EXCHANGE BITS 0-3 OF ACC AND 
LOCATION 51 

MOVE CONTENTS OF ACC TO 
LOCATION 50 
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INSTRUCTION SET 


XCH A,R r Exchange Accumulator-Register Contents 

0 0 10 1 r r r 

The contents of the accumulator and the contents of 
working register ‘r’ are exchanged. 

(A)X (Rr) r=0-7 


Example: 


Move PSW contents to Reg 7 without losing 
accumulator contents. 


XCHAR7: XCH A,R7 

MOV A, PSW 
XCH A,R7 


EXCHANGE CONTENTS OF REG 7 
AND ACC 

MOVE PSW CONTENTS TO ACC 
EXCHANGE CONTENTS OF REG 7 
AND ACC AGAIN 


XCH A,@R r Exchange Accumulator and Data Memory Contents 



0 0 10 

0 0 0 r 


The contents of the accumulator and the contents of 
the resident data memory location addressed by bits 
0-5 of register ‘r’ are exchanged. Register ‘r’ 
contents are unaffected. 


(A)_^-((Rr)) r=0-1 


Example: Decrement contents of 
DEC52: MOV R0,#52 

XCH A,@R0 

DEC A 
XCH A,@R0 


location 52. 

;MOVE ‘52’ DEC TO ADDRESS 
;REG 0 

EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 
;DECREMENT ACC CONTENTS 
EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 AGAIN 


XCHD A,@R r Exchange Accumulator and Data Memory 4-Bit Data 


0 0 11 


0 0 0 r 


This instruction exchanges bits 0-3 of the accumulator 
with bits 0-3 of the data memory location addressed by 
bits 0-5 of register ‘r’. Bits 4-7 of the accumulator, 
bits 4-7 of the data memory location, and the contents 
of register ‘r’ are unaffected. 


(A 0 . 3 )-X ((RrO-3)) r=0-1 
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INSTRUCTION SET 


Example: Assume program counter contents have been stacked in 
locations 22-23. 


XCHNIB: MOV R0,#23 
CLR A 

XCHD A,@R0 


MOVE ‘23’ DEC TO REG 0 
CLEAR ACC TO ZEROS 
EXCHANGE BITS 0-3 OF ACC 
AND LOCATION 23 (BITS 8-11 
OF PC ARE ZEROED, ADDRESS 
REFERS TO PAGE 0) 


XRL A,R r Logical XOR Accumulator With Register Mask 



110 1 

1 r r r 


Data in the accumulator in EXCLUSIVE ORed with the mask 
contained in working register ‘r’. 

(A)-*- (A) XOR (Rr) r=0-7 

Example: XORREG: XRL A,R5 ;‘XOR’ ACC CONTENTS WITH 

;MASK IN REG 5 

XRL A,@R r Logical XOR Accumulator With Memory Mask 



110 1 

0 0 0 r 


Data in the accumulator is EXCLUSIVE ORed with the mask 
contained in the data memory location addressed by 
register ‘r’, bits 0-5. 

(A)-<- (A) XOR ((Rr)) r=0-1 

Example: XORDM: MOV R1, #20H ;MOVE ‘20’ HEX TO REG 1 

XRL A,@R1 ;‘XOR’ ACC CONTENTS WITH MASK 
;IN LOCATION 32 

XRL A,#data Logical XOR Accumulator With Immediate Mask 


110 1 

0 0 11 


d7 d6 ds d4 

d3 d2 d-) do 


This is a 2-cycle instruction. Data in the accumulator 
is EXCLUSIVE ORed with an immediately-specified mask. 

(A) (A) XOR data 


Example: 


XORID: XOR A,#HEXTEN 


XOR CONTENTS OF ACC WITH 
MASK EQUAL VALUE OF SYMBOL 
;‘HEXTEN’ 
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APPLICATION EXAMPLES 


5.0 Introduction 

The following chapter is organized in two 
sections, Hardware and Software. The 
hardware section gives examples of some 
typical configurations of MCS-48 compon¬ 
ents while software section gives assembly 
language listings of some common appli¬ 
cations routines. 

5.1 Hardware Examples 


+5V 


10K . 



XTAL 1 


XTAL2 



XTAL 1 


XTAL 2 


-o 

OPEN 

COLLECTOR 


NC 


1-6 MHz 


CRYSTAL 


RC 


EXTERNAL 


FREQUENCY REFERENCE OPTIONS 


XTAL 1 


XTAL 2 
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APPLICATION EXAMPLES 


+5V GND 



' INPUT ~ 
AND 
OUTPUT 


INPUT ‘ 
AND 
OUTPUT 


' INPUT " 
AND 

.OUTPUT 


• All inputs and outputs standard TTL compatible 

• PI and P2 outputs drive 5V CMOS directly others 
require 10-50K pullup 

XTAL: Series Resonant 
AT Cut 
1 to 6 MHz 


THE STAND ALONE 8048 
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APPLICATION EXAMPLES 


OPEN 



• All devices equal priority 

• Processor polls Port 1 to determine interrupting device 


MULTIPLE INTERRUPT SOURCES 
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APPLICATION EXAMPLES 



MULTIPLE INTERRUPTS WITH PRIORITY LEVELS 







APPLICATION EXAMPLES 


+5V GND 



• 8212 serves as address latch 

• Address is valid while ALE is high and is latched 
when ALE goes low 


EXTERNAL PROGRAM MEMORY 
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APPLICATION EXAMPLES 



ADDING AN I/O EXPANDER 


r I/O 
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APPLICATION EXAMPLES 



ADDING MULTIPLE I/O EXPANDERS 















APPLICATION EXAMPLES 


+5V GND 



• External I/O parts are addressed as data memory PA=00 PB=01 

• If the 8048’s internal Program Memory is used this configuration will result in 
the upper IK of external memory being addressed before the lower IK. 
Inverting A10 will correct this if necessary. 


ADDING A PROGRAM MEMORY AND I/O EXPANDER 


5-8 





APPLICATION EXAMPLES 


+5V GND 



• Both I/O and RAM are addressed as data memory 

• Writing a bit to P27 determines whether RAM or I/O is 
to be accessed 


ADDING A DATA MEMORY AND I/O EXPANDER 


b I/O 
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APPLICATION EXAMPLES 



- 1 - 

TIMER 


• This configuration is explained in section 3.4 


THE THREE CHIP SYSTEM 




APPLICATION EXAMPLES 



8048 INTERFACE TO DRUM PRINTER 



MCS-48™ GAS PUMP 
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APPLICATION EXAMPLES 



•DRUM PRINTER MAY BE USED. 
DRUM PRINTER REQUIRES 
MORE OUTPUTS WHICH CAN BE 
OBTAINED FROM AN EXPANDER 
DEVICE. 


LOW COST POINT OF SALE TERMINAL 
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APPLICATION EXAMPLES 


5.2 Software Examples 

The following routines are written as subroutines. RO and R1 are 
used as data pointers, R2 is used as an extension of the accumulator 
and R3 is used as a loop counter. 



RXO = RO 
AEX = R2 


DOUBLE ADD 

DADD: DEC 

RXO 

;GET LOW BYTE AND ADD TO A 

ADD 

A,@RX0 


INC 

RXO 

;GET HI BYTE AND ADD TO AEX 

XCH 

A,AEX 


ADDC 

A,@RX0 


XCH 

A,AEX 


RET 


;RETURN 

DOUBLE SUBTRACT 


DMIN: DEC 

RXO 

;GET LOW BYTE AND SUB FROM A 

CPL 

A 


ADD 

A,@RX0 


CPL 

A 


INC 

RXO 

;GET HI BYTE AND SUB FROM AEX 

XCH 

A,AEX 


CPL 

A 


ADDC 

A,@RX0 


CPL 

A 


XCH 

A,AEX 


RET 


;RETURN 

DOUBLE LOAD 

DLD: DEC 

RXO 

;GET LOW BYTE AND PLACE IN A 

MOV 

A,@RX0 


INC 

RXO 

;GET HI BYTE AND PLACE IN AEX 

XCH 

A,AEX 


MOV 

A,@RX0 


XCH 

A,AEX 


RET 


;RETURN 

DOUBLE STORE 

DST: DEC 

RXO 

;MOVE A INTO LOW BYTE 

MOV 

@RX0,A 


INC 

RXO 

;MOVE AEX INTO HIGH BYTE 

XCH 

A,AEX 


MOV 

@RX0,A 


XCH 

A,AEX 


RET 


;RETURN 
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DOUBLE EXCHANGE 


DEX: DEC 

RXO 

EXCHANGE A AND LOW BYTE 

XCH 

A,@RX0 


INC 

RXO 

EXCHANGE AEX AND HIGH BYTE 

XCH 

A.AEX 


XCH 

A,@RX0 


XCH 

A,AEX 


RET 


;RETURN 

DOUBLE LEFT 

LOGICAL SHIFT 

LLSH: RLC 

A 

;SHIFT A 

XCH 

A.AEX 

;SHIFT AEX 

RLC 

A 


XCH 

A.AEX 


RET 


;RETURN 

DOUBLE RIGHT LOGICAL SHIFT 

RLSH: XCH 

A.AEX 

;SHIFT AEX 

RRC 

A 


XCH 

A.AEX 


RRC 

A 

;SHIFT A 

RET 


;RETURN 

DOUBLE RIGHT ARITHMETIC SHIFT 

RASH: CLR 

C 

;SET CARRY 

CPL 

C 


XCH 

A.AEX 

; 1F AEX[7]<>1 THEN 

JB7 

$+3 


CLR 

C 

;CLEAR CARRY 

RRC 

A 

;SHIFT C INTO AEX 

XCH 

A.AEX 


RRC 

A 

;SHIFT A 

RET 


;RETURN 


SINGLE PRECISION BINARY MULTIPLY 

This routine assumes a one-byte multiplier 
and a one-byte multiplicand. The product, 
therefore, is two-bytes long. 

The algorithm follows these steps: 

1. The registers are arranged as follows: 

ACC — 0 
R1 — Multiplier 
R2 — Multiplicand 
R3 — Loop Counter (=8) 

The Accumulator and register R1 are 
treated as a register pair when they are 
shifted right (see Step 2) 


2. The Accumulator and R1 are shifted 
right one place, thus the LSB of the 
multiplier goes into the carry. 

3. The multiplicand is added to the 
accumulator if the carry bit is a ‘one’. No 
action if the carry is a ‘zero’. 

4. Decrement the loop counter and loop 
(return to Step 2) until it reaches zero. 

5. Shift the result right one last time just 
before exiting the routine 

*The result will be found in the Accumulator 

(MS Byte) and R1 (LS Byte). 
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BINARY MULTIPLY 


BMPY: 

MOV 

R3,#08H 

SET COUNTER TO 8 


CLR 

A 

CLEAR A 


CLR 

C 

CLEAR CARRY BIT 

BMPI: 

RRC 

A 

DOUBLE SHIFT RIGHT ACC & R1 


XCH 

A,R1 

INTO CARRY 


RRC 

A 



XCH 

A,R1 



JNC 

BMP3 

IF CARRY=1 ADD, OTHERWISE DON’T 


ADD 

A,R2 

ADD MULTIPLICAND TO ACCUMULATOR 

BMP3: 

DJNZ 

R3,BMPI ; 

DECREMENT COUNTER AND LOOP IF 0 


RRC 

A 

DO A FINAL RIGHT SHIFT ATTHE 


XCH 

A,R1 

END OF THE ROUTINE 


RRC 

A 



XCH 

A,R1 



INTERRUPT HANDLING 

This interrupt routine assumes single level 
interrupt. The purpose is to store the status of 
the machine at the time the interrupt occurs 
by storing contents of all registers, accumu¬ 
lator, and the status word. At the end of the 
interrupt the state of the machine is restored 
and interrupts are enabled again. 


INTRPT: SEL 
MOV 


i 

i 

i 


RBI ;SAVE WORKING REGISTERS 

@R0,A ;R0 IN ALTERNATE REGISTER 

;BANK CONTAINS SACO 
;POINTER FOR SAVING 
;ACCUMULATOR 


INTERRUPT SERVICE 
ROUTINE 


MOV 

MOV 

RETR 


RO.SACC ;RESTORE SACO 
A,@R0 ;RESTORE ACCUMULATOR 

;RESTORE WORKING REGISTERS 
;RESTORE PSW AND 
;RE-ENABLE INTERRUPTS 
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2 BYTE PROCESSING SYSTEM 


A suggested model of a processing routine 
takes two single byte inputs from different 
ports, compares them, and performs the 
following, depending on the result of the 
comparison: 


(If Equal) Sets Flag and Exits 
(If Not Equal) Resets Flag and Outputs the 
Larger to a Third Port 



PROCESS: 

CLR 

FO 

;CLEAR FO BIT (INITIALIZE) 



IN 

A,PI 

;READ FIRST INPUT, STORE IN 

RO 


MOV 

R0,A 




IN 

A,P2 

;READ SECOND INPUT, STORE IN 

R1 


MOV 

R1,A 




CPL 

A 

;SUBTRACT SECOND FROM FIRST 



INC 

A 

;(2’s COMPLEMENT AND ADD) 



ADD 

A,R0 




JZ 

EQUL 

;BRANCH IF THEY ARE EQUAL 



JN 

SECOND 

;IF NEGATIVE, SECOND WAS LARGER 


MOV 

A,R0 

;ELSE, OUTPUT FIRST 



OUTL 

P3,A 




JMP 

DONE 

;EXIT 


SECOND: 

MOV 

A,R1 

;OUTPUT SECOND 



OUTL 

P3,A 




JMP 

DONE 

;EXIT 


EQUL: 

CPL 

FO 

;SET FO 



JMP 

DONE 

; EXIT 
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A/D CONVERTER 

An A/D converter can be constructed from a 
D/A converter, a comparator op-amp and a 
short software routine that performs succes¬ 
sive approximation. 

The processor sends 8-bits of data out to the 
DAC via an output port. The output of the 
DAC is compared to the analog input being 
converted. The result of the comparison (0 if 


lower, 1 if higher) then goes back into the 
processor for handling either via an input 
port or an input line that sets a flag. This all 
allows the processor to estimate the proper 
digital representation of the analog input by 
first typing the MSB — and keeping it if the 
input says ‘too low still’ or dropping it if the 
input says ‘too high now’. From there each bit 
in order of significance is tried and either kept 
or discarded. 



MOV 

R7,#08H 

;COUNTER R7=8 


CLR 

A 

;CLEAR A, R5, R6 


MOV 

R5,A 



MOV 

R6,A 



CLR 

C 

;SET CARRY 


CPL 

C 


LOOP: 

MOV 

A,R5 

.MOVE TEST BIT RIGHT 


RRC 

A 

:FROM MSB TO LSB 


MOV 

R5,A 



ORL 

A,R6 

;ADD IT TO PRESENT VALUE IN R6 


OUTL 

PI,A 



JNTO 

NOPE 

;TEST THAT NEW VALUE 
; 1F FLAG IS HIGH NEW VALUE TOO LARGE 


MOV 

R6,A 

; 1F FLAG LOW, NEW VALUE RETAINED 

NOPE: 

DJNZ 

R7.LOOP 

;GO ON TO NEXT BIT 
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MCS-48™ COMPONENT SPECIFICATIONS 


8048 ROM Microcomputer . 6-1 

8748 EPROM Microcomputers . 6-1 

8035 Microcomputers . 6-1 

8355 ROM and I/O Expander . 6-7 

8755 EPROM and I/O Expander . 6-13 

8155 RAM and I/O Expander . 6-19 

8243 MCS-48™ I/O Expander . 6-29 










iny 

8048/8748/8035 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 

*8048 Mask Programmable ROM 

*8748 User Programmable/Erasable EPROM 

*8035 External ROM or EPROM 


■ 8-Bit CPU, ROM, RAM, I/O in ■ 

Single Package 

■ Interchangeable ROM and EPROM 

Versions ■ 

■ Single 5V Supply ■ 

■ 2.5 psec and 5.0 psec Cycle Versions ■ 

All Instructions 1 or 2 Cycles. a 

■ Over 90 Instructions: 70% Single Byte 

The Intel® 8048/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s 
N-channel silicon gate MOS process. 

The 8048 contains a IK x 8 program memory, a 64x 8 RAM data memory,27 I/O lines,and an 8-bittimer/counter in addition 
to on board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard memories and MCS-80™ (8080A) peripherals. The 8035 is the equivalent of an 8048 without program memory. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low-cost high volume production, and the 8035 without program memory for use with external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 


IK x 8 ROM/EPROM 
64 x 8 RAM 
27 I/O Lines 

Interval Timer/Event Counter 
Easily Expandable Memory and I/O 
Compatible with MCS-80™ Peripherals 
Single Level Interrupt 


PIN CONFIGURATION LOGIC SYMBOL 


BLOCK DIAGRAM 
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8048/8748/8035 


#% ' 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.0°C to 70°C 

Storage Temperature.-65°C to +150°C 

Voltage On Any Pin With Respect 

to Ground .-0.5V to +7V 

Power Dissipation. 1.5 Watt 


‘COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings'’ 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


D.C. AND OPERATING CHARACTERISTICS t a = o°c to 70°c, v C c = v DD =+5V±5%, v ss =ov 


Symbol 

Parameter 

Limits | 

Unit 

Test Conditions 

Min. 

Typ. 

Max. 

V,L 

Input Low Voltage 

(All Except XTAL1, XTAL2) 

-.5 


.8 

V 


V,H 

Input High Voltage 

(All Except XT A LI,XT A L2,R ESET) 

2.0 


Vcc 

V 


V,H1 

Input High Voltage (R ESET,XTAL1) 

3.0 


v cc 

V 


_l 

O 

> 

Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 



.45 

V 

l 0L = 2.0mA 

V 0 L1 

Output Low Voltage 

(All Other Outputs Except PROG) 



.45 

V 

Iqj_ = 1.6mA 

V 0 H 

Output High Voltage 
(BUS, RD, WR, PSEN, ALE) 

2.4 



V 

1 OH = 100aA 

V OH1 

Output High Voltage 
(All Other Outputs) 

2.4 



V 

Ioh = 50 mA 

'lL 

Input Leakage Current 
(T1, EA, INT) 



±10 

juA 

Vss^V|n<Vcc 

'oL 

Output Leakage Current (Bus, TO) 
(High Impedance State) 



-10 

juA 

Vcc^VlN^Vss +.45 

•dd 

V DD Supply Current 



30 

mA 


'cc 

VQQ Supply Current 



180 

mA 



A.C. CHARACTERISTICS t a = o°Cto 70°c, v cc = v DD = +5V±5%, v ss = ov 


Symbol 

Parameter 

8048/8748/8035 
Min. Max. 

8048-8 

8748-8 

8035-8 

Min. Max. 

Unit 

Conditions 

t|_L 

ALE Pulse Width 

400 

800 

ns 


*AL 

Address Setup to ALE 

150 

150 

ns 


t|_A 

Address Hold from ALE 

80 

80 

ns 


X CC 

Control Pulse Width (PSEN, RD,WR) 

900 

1800 

ns 


*DW 

Data Set-Up Before WR 

500 

1000 

ns 


*WD 

Data Hold After WR 

80 

80 

ns 

C L = 20pF 

tCY 

Cycle Time 

2.5 

5.0 

Ms 

6 MHz XTAL 
(3 MHz XTAL for -8) 

*DR 

Data Hold 

0 130 

0 130 

ns 


tRD 

PSEN, RD to Data In 

500 

1000 

ns 


*AW 

Address Setup to WR 

230 

260 

ns 


*AD 

Address Setup to Data In 

950 

1900 

ns 


*AFC 

Address Float to RD, PSEN 

0 

0 

ns 



A.C. TEST CONDITIONS control Outputs: C L = 80 pF, 2.2K to V ss , 4.3K to V cc 

BUS Outputs: C L = 150 pF, 2.2K to V ss , 4.3K to V c c t CY = 2.5jUs 
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8048/8748/8035 


WAVEFORMS 


INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 



READ FROM EXTERNAL DATA MEMORY 

ALE J I_I _ 



- t cc-► 


Wc-► 

- t DR 

FLOATING 

/ 

FLOATING ^VDDRESS^ ^ ^DATA^ FLOATING 

h' t RD^ 


*ad 


WRITE TO EXTERNAL DATA MEMORY 


ALE J 


L 


WR 


BUS 


_t CC ‘ 


l DW ' 


F LOATIN^ADDR ESS^F LO AT ING^ DATa"^ ^ 


%D 


FLOATING 
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8048 / 8748/8035 


PIN DESCRIPTION 


Designation Pin # Function 


v ss 

V DD 


V CC 

PROG 


PI 0-P17 
Port 1 
P20-P27 
Port 2 


D0-D7 

BUS 


TO 


T1 


I NT 


20 Circuit GND potential 

26 Programming power supply; +25V 

during program, +5V during oper¬ 
ation for both ROM and PROM. 

Low power standby pin in 8048 
ROM version. 

40 Main power supply; +5V during 

operation and programming. 

25 Program pulse (+25V) input pin 

during 8748 programming. 

Output strobe for 8243 I/O 
expander. 

27-34 8-bit quasi-bidirectional port. 

21-24 8-bit quasi-bidirectional port. 

35-38 P20-P23 contain the four high 

order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243 

12-19 True bidirectional port which can 

be written or read synchronously 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instructi on, u nder 
control of ALE, RD, and WR. 

1 Input pin testable using the con¬ 
ditional transfer instructions JT0 
and JNT0. TO can be designated as 
a clock output using ENT0 CLK 
instruction. TO is also used during 
programming. 

39 Input pin testable using the JT1, 

and JNT1 instructions. Can be des¬ 
ignated the timer/counter input using 
the STRT CNT instruction. 

6 Interrupt input. Initiates an inter¬ 
rupt if interrupt is enabled. Inter¬ 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 


Designation 


RESET 


WR 


ALE 


PSEN 

SS 


EA 


XTAL1 

XTAL2 


Pin # Function 

10 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 

Used as a Read Strobe to External 
Data Memory. (Active low) 

4 Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 

8 Output strobe during a BUS write. 
(Active low)(Non TTL Vm) 

Used as write strobe to External 
Data Memory. 

11 Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro¬ 
gram memory. 

9 Program Store Enable. This output 
occurs only during a fetch to exter¬ 
nal program memory. (Active low) 

5 Single step input can be used in con¬ 
junction with ALE to "single step" 
the processor through each in¬ 
struction. (Active low) 

7 External Access input which forces 
all program memory fetches to re¬ 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter¬ 
nal oscillator. Also input for exter¬ 
nal source. (Not TTL Compatible) 

2 Other side of crystal input. 
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8048/8748/8035 


INSTRUCTION SET 


Mnemonic 

Description 

Bytes 

Cycle 

ADD A, R 

Add register to A 

1 

1 

ADD A, @R 

Add data memory to A 

1 

1 

ADD A, #data 

Add immediate to A 

2 

2 

ADDC A, R 

Add register with carry 

1 

1 

ADDC A, @R 

Add data memory with carry 

1 

1 

ADDC A, #data 

Add immediate with carry 

2 

2 

ANL A, R 

And register to A 

1 

1 

AN LA, @R 

And data memory to A 

1 

1 

ANL A, #data 

And immediate to A 

2 

2 

ORLA, R 

Or register to A 

1 

1 

§ ORLA, @R 

Or data memory to A 

1 

1 

1 ORLA, #data 

Or immediate to A 

2 

2 

| XRL A, R 

Exclusive Or register to A 

1 

1 

8 XRL A, @R 

Exclusive or data memory to A 

1 

1 

< XRL A, #data 

Exclusive or immediate to A 

2 

2 

INCA 

Increment A 

1 

1 

DEC A 

Decrement A 

1 

1 

CLR A 

Clear A 

1 

1 

CPL A 

Complement A 

1 

1 

DA A 

Decimal Adjust A 

1 

1 

SWAP A 

Swap nibbles of A 

1 

1 

RL A 

Rotate A left 

1 

1 

RLC A 

Rotate A left through carry 

1 

1 

RR A 

Rotate A right 

1 

1 

RRC A 

Rotate A right through carry 

1 

1 

IN A, P 

Input port to A 

1 

2 

OUTLP, A 

Output A to port 

1 

2 

ANL P, #data 

And immediate to port 

2 

2 

£ ORL P, #data 

Or immediate to port 

2 

2 

S INS A, BUS 

Input BUS to A 

1 

2 

§ OUTL BUS, A 

Output A to BUS 

1 

2 

g ANL BUS,#data 

And immediate to BUS 

2 

2 

JE ORL BUS,#data 

Or immediate to BUS 

2 

2 

MOVD A, P 

Input Expander port to A 

1 

2 

MOVD P, A 

Output A to Expander port 

1 

2 

ANLD P, A 

And A to Expander port 

1 

2 

ORLD P, A 

Or A to Expander port 

1 

2 

£ INC R 

Increment register 

1 

1 

£ INC @R 

Increment data memory 

1 

1 

1* DEC R 

Decrement register 

1 

1 



JMP addr 

Jump unconditional 

2 

2 


JMPP @A 

Jump indirect 

1 

2 


DJNZ R, addr 

Decrement register and skip 

2 

2 


JC addr 

Jump on Carry = 1 

2 

2 


JNCaddr 

Jump on Carry = 0 

2 

2 


J Z addr 

Jump on A Zero 

2 

2 


JNZaddr 

Jump on A not Zero 

2 

2 

£ 

G 

JTO addr 

Jump on TO = 1 

2 

2 

(0 

& 

JNTOaddr 

Jump on TO = 0 

2 

2 

JT1 addr 

Jump on T1 = 1 

2 

2 


JNT1 addr 

Jump on T1 =0 

2 

2 


JFOaddr 

Jump on F0 = 1 

2 

2 


JF1 addr 

Jump on FI =1 

2 

2 


JTF addr 

Jump on timer flag 

2 

2 


JNI addr 

Jump on INT = 0 

2 

2 


JBb addr 

Jump on Accumulator Bit 

2 

2 


Mnemonic Description Bytes Cycles 


0) 

£ CALL 

Jump to subroutine 

2 

2 

§ RET 

Return 

1 

2 

jq RETR 

3 

Return and restore status 

1 

2 


co 



CLR C 

Clear Carry 

1 

1 


CPL C 

Complement Carry 

1 

1 

3> 

_ro 

CLR F0 

Clear Flag 0 

1 

1 

U. 

CPL F0 

Complement Flag 0 

1 

1 


CLR FI 

Clear Flag 1 

1 

1 


CPL FI 

Complement Flag 1 

1 

1 


MOV A, R 

Move register to A 

1 

1 


MOV A, @R 

Move data memory to A 

1 

1 


MOV A, #data 

Move immediate to A 

2 

2 


MOV R, A 

Move A to register 

1 

1 


MOV @R, A 

Move A to data memory 

1 

1 


MOV R, #data 

Move immediate to register 

2 

2 

> 

MOV @R,#data 

Move immediate to data memory 

2 

2 

o 

2 

MOV A, PSW 

Move PSW to A 

1 

1 

re 

MOV PSW, A 

Move A to PSW 

1 

1 

re 

Q 

XCH A, R 

Exchange A and register 

1 

1 


XCH A,@R 

Exchange A and data memory 

1 

1 


XCHD A, @R 

Exchange nibble of A and register 

1 

1 


MOVX A, @R 

Move external data memory to A 

1 

2 


MOVX @R, A 

Move A to external data memory 

1 

2 


MOVP A, @A 

Move to A from current page 

1 

2 


MOVP3 A, @A 

Move to A from Page 3 

1 

2 


MOV A, T 

Read Timer/Counter 

1 

1 

<u 

MOV T, A 

Load Timer/Counter 

1 

1 

c 

3 

STRTT 

Start Timer 

1 

1 

0 

O 

STRT CNT 

Start Counter 

1 

1 

<5 

STOP TCNT 

Stop Timer/Counter 

1 

1 

E 

EN TCNTI 

Enable Timer/Counter Interrupt 

1 

1 


DISTCNTI 

Disable Timer/Counter Interrupt 

1 

1 


EN 1 

Enable external interrupt 

1 

1 

DIS 1 

Disable external interrupt 

1 

1 

o SELRBO 

Select register bank 0 

1 

1 

| SEL RBI 

Select register bank 1 

1 

1 

O SELMBO 

Select memory bank 0 

1 

1 

SEL MB1 

Select memory bank 1 

1 

1 

ENTO CLK 

Enable Clock output on TO 

1 

1 

NOP 

No Operation 

1 

1 


Mnemonics copyright Intel Corporation 1976 
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8355 

ROM AND I/O EXPANDER 



■ 2K x 8 ROM ■ Single 5V Supply 

■ 2 Eight Bit I/O Ports ■ 40 Pin DIP 

■ Internal Address Latch ■ Completely Interchangeable With 8755 

■ I/O Lines Individually Assignable as EPROM 
Input or Output 


The 8355 is designed to expand both the program memory and I/O capability of the MCS-48™ single component 
microcomputers (the 8748,8048 and 8035). This expander increases program memory by 2K words and adds 161/0 lines to 
the basic microcomputer without the necessity of any additional components. The completely interchangeable 8755 light 
erasable EPROM and 8355 mask programmed ROM provide a simple transition from prototype to production. Both 
versions operate from a single 5V supply and are totally speed compatible with the MCS-48 microcomputers. 

The 16 I/O lines are addressed as 2 eight bit I/O ports, yet single lines can be individually designated as input or asoutput 
under software control. Outputs are double buffered to prevent any output glitches. 


PIN CONFIGURATION BLOCK DIAGRAM 
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8355 


8355 FUNCTIONAL PIN DEFINITION 


Symbol 

Function 

Symbol 

Function 

ALE 

When ALE (Address Latch Enable) is 
high, AD 0 - 7 . IO/M, As-io. and CE 
enter address latches. The signals 
(AD, IO/M, Ag-io. CE) are latched in 

CLK 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low and 
ALE high. 


at the trailing edge of ALE. 

READY 

Ready is an tri-state output controlled 

AD 0-7 

Bi-directional Address/Data bus. The 
lower 8-bits of the ROM or I/O 
address are applied to the bus lines 
when ALE is high. 

During an I/O cycle, Port A or B are 


by CE, ALE and CLK. READY 
is forced low by CE during the time 
ALE is high, and remains low until the 
rising edge of the next CLK (see 
Figure 4. 


selected based on the latched value of 
ADq. If RD or IOR is low when latched 

CE is low, the output buffers present 
data on the bus. 

o 

< 

CL 

These are general purpose I/O pins. 
Their input/output direction is deter¬ 
mined by the contents of Data 
Direction Register (DDR). Port A is 

A8-10 

These are the high order bits of the 
ROM address. They do not affect I/O 
operations. 


selected for write operations by CE 
and IOW low and a 0 previously 
latched from ADo. 

CE 

When the latched CE is high or 


Read operation is selected by either 

CE 

latched CE is low, no read or write 
operation will occur. The ADq -7 and 


IOR low or IO/M high and RD low, 
and the latched CE low and ADo low. 


READY outputs will go into their high 
impedance state. 

PBo-7 

This general purpose I/O port is 
identical to Port A except that it is 

IO/M 

If the latched IO/M is high when RD is 


selected by a 1 latched from ADq. 


low, the output data comes from an 

I/O port. If it is low the output data 
comes from the ROM. 

RESET 

An input high on RESET causes all 
pins in Ports A and B to assume input 
mode. 

RD 

If the latched CE is low when RD goes 
low, the ADq -7 output buffers are 
enabled and output either the 
selected ROM location or I/O port. 
When both RD and IOR are high, the 

IOR 

When CE is low, a low on IOR will 
output the selected I/O port onto the 
AD bus. IOR low performs the same 
function as_the combination IO/M 
high and RD low. 


ADq _7 output buffers are tri-stated. 

VCC 

+5 volt supply. 

iow 

If the latched CE is low, a low on IOW 
causes the output port pointed to by 
the latched value of AD 0 to be written 
with the data on AD 0 _ 7 . The state of 
IO/M is ignored. 

VSS 

0 volt supply. 
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8355 


FUNCTIONAL DESCRIPTION 

Program Memory — The 8355 contains an 8-bit address 
latch which allows it to interface directly to MCS- 
48 Microcomputers without additional hardware. Program 
memory is accessed by applying 11 bits of address to the 
A 0 - A 10 inputs and a low level on the IO/M and CE inputs 
then latching these inputs with ALE. The CE input serves 
to select one of several possible 8355s in a system 
and the IO/M signal indicates that a subsequent read 
operation will be from program memory. While ALE is high 
the Ao - Aio, IO/M, and CE inputs are allowed into the 
8355 and when ALE is brought low, these inputs are 
latched. If the latched conditions indicate that a program 
memory fetch is to occur, a low level on RD will cause the 
data to be outputted on the data bus. 


^WW<§' y m 


Ao 

Ai 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

DDR A 

1 

1 

DDR B 

I/O Port Addressing 


I/O Ports — The I/O lines are organized as t wo 8- bit s tatic 
ports which can be read or written using the IOR and IOW 
control lines. Associated with each port is an 8-bit Data 
Direction Register (DDR) which serves to define each of 
the 8 lines of the port as either an input or an output. A "I” 
bit in the DDR sets the corresponding port bit to the output 
mode while a “0” designates the input mode. Thetwo least 
significant bits of the latched address (A 0 , Ai) address the 
two-l/O ports and their associated DDR’s. 



INPUTS 


I/O 


Interface to MCS-48™Microcomputers 
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8355 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias . 0°Cto+70°C 

Storage Temperature . -65°Cto +150°C 

Voltage on Any Pin 

With Respect to Ground . -0.3Vto+7V 

Power Dissipation . 1.5W 


*COMMENT: Stresses above those listed under "Absolute^ 
Maximum Ratings" may cause permanent damage to Ihe^^K 
device. This is a stress rating only and functional,opera- " 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi¬ 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (t a = o°c to 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. | 

UNITS 

TEST CONDITIONS 

V|L 

Input Low Voltage 

-0.5 

0.8 

V 


V, H 

Input High Voltage 

2.0 

Vcc+0.5 

V 


V 0 L 

Output Low Voltage 


0.45 

V 

Iql = 2mA 

VoH 

Output High Voltage 

2.4 


V 

Ioh = -400mA 

IlL 

Input Leakage 


10 

MA 

Vin = Vcc to ov 

>LO 

Output Leakage Current 


±10 

ma 

0.45V ^Vqut <V C c 

■cc 

Vqc Supply Current 


180 

mA 



A.C. CHARACTERISTICS (t a = o°Cto 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

tCYC 

Clock Cycle Time 

320 


ns 

C LOAD = 150 pF 
(See Figure 3) 

T, 

CLK Pulse Width 

80 


ns 

t 2 

CLK Pulse Width 

120 


ns 

tfTr 

CLK Rise and Fall Time 


30 

ns 

*AL 

Address to Latch Set Up Time 

50 


ns 

150 pF Load 

*LA 

Address Hold Time after Latch 

80 


ns 

*LC 

Latch to READ/WRITE Control 

100 


ns 

tRD 

Valid Data Out Delay from READ Control 


150 

ns 

*AD 

Address Stable to Data Out Valid 


400 

ns 

tLL 

Latch Enable Width 

100 


ns 

*RDF 

Data Bus Float after READ 

0 

100 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

*DW 

Data In to WRITE Set Up Time 

150 


ns 

*WD 

Data In Hold Time After WR ITE 

0 


ns 

twp 

WR ITE to Port Output 


400 

ns 

tpR 

Port Input Set Up Time 

50 


ns 

tRP 

Port Input Hold Time 

50 


ns 

tRYH 

READY HOLD TIME 

0 

120 

ns 

tARY 

ADDRESS (CE)to READY 


160 

ns 

tRV 

Recovery Time between Controls 

300 


ns 

*RDE 

Data Out Delay from READ Control 

10 


ns 
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8355 



FIGURE 4. ROM READ AND I/O READ AND WRITE. 
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8355 



FIGURE 5. WAIT STATE TIMING (READY = 0). 


A. INPUT MODE 



DATA* 

BUS 


3 < 


B. OUTPUT MODE 


IOW 


PORT 

OUTPUT 


DATA* 

BUS 



*DATA BUS TIMING IS SHOWN IN FIGURE 3. 


FIGURE 6. I/O PORT TIMING. 
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EPROM AND I/O EXPANDER 


■ 2K x 8 EPROM ■ Single 5V Supply 

■ 2 Eight Bit I/O Ports ■ 40 Pin DIP 

■ Internal Address Latch ■ Completely Interchangeable With 8355 

■ I/O Lines Individually Assignable as ROM 

Input or Output 


The 8755 is designed to expand both the program memory and I/O capability of the MCS-48™ single component 
microcomputers (the 8748, 8048 and 8035). This expander increases program memory by 2K words and adds 161/0 lines to 
the basic microcomputer without the necessity of any additional components. The completely interchangeable 8755 light 
erasable EPROM and 8355 mask programmed ROM provide a simple transition from prototype to production. Both 
versions operate from a single 5V supply and are totally speed compatible with the MCS-48 microcomputers. 

The 16 I/O lines are addressed as 2 eight bit I/O ports, yet single lines can be individually designated as input or as output 
under software control. Outputs are double buffered to prevent any output glitches. 


PIN CONFIGURATION 


BLOCK DIAGRAM 
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8755 


8755 FUNCTIONAL PIN DESCRIPTION 


Symbol 

ALE 


AD 0-7 


A 8-10 

CE/PROG 

CE 


IO/M 


RD 


IOW 


CLK 


READY 


PA 0-7 


Function 

When Address Latch Enable is high, 
AD 0 - 7 , IO/M, Ag-iOi ar, d CE* (CE* = 
CE,*CE) enter the address latches. 
The signals (AD, IO/M, As-io, CE) are 
latched in at the trailing edge of ALE. 

Bi-directional Address/Data bus. The 
lower 8 -bits of the PROM or I/O 
address are applied to the bus lines 
when ALE is high. 

During an I/O cycle, Port A or B are 
selected base d on the latched value of 
ADo- If RD or IOR is low when latched 
CE* is low, the output buffers present 
data on the bus. 

These are the high order bits of the 
PROM address. They do not affect 
I/O operations. 

Both chip enables must be active to 
permit_accessing the PROM. (CE* = 
CE»CE is low when selected). CE 
is also used as a programming pin 
(see section on programming). 

If the latched IO/M is high when RD is 
low, the output data comes from an 
I/O port. If it is low the output data 
comes from the PROM. 

If the latched CE* is low when RD 
goes low, the ADq _7 output buffers 
are enabled and output either the 
selected PROM location or I/O port. 
When both RD and IOR are high, the 
ADq -7 output buffers are tri-stated. 

If the latched CE* is low, a low on IOW 
causes the output port pointed to by 
the latched value of AD 0 to be written 
withjhe data on ADq_ 7 . The state of 
IO/M is ignored. 

The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE* low and 
ALE high. 

READY is a 3-state output controlled 
by CE*. ALE and CLK. READY is 
forced low by CE* during the time 
ALE is high, and remains low until the 
rising edge of the next CLK (see 
Figure 2). 

These are general purpose I/O pins. 
Their input/output direction is deter¬ 
mined by the contents of Data 
Direction Register (DDR). Port A is 
selec ted f or write operations by CE* 
and IOW low and a 0 previously 
latched from ADq. 

Rea d operation is selected by either 
IOR low or IO/M high and RD low, and 
the latched CE* low and AD 0 low. 


This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADq. 

In normal operation, an input high on 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 
register). 

When CE* is low, a low on IOR will 
output th e se lected I/O port onto the 
AD bus. IOR low performs the same 
function as th e combinati on o f IO/M 
high and RD low. When IOR is not 
used in a system, IOR should be tied 
to V CC (“1”). 

+5 volt supply. 

0 volt supply. 

Vdd is a programming voltage, and it 
is normally grounded. 

For programming, a high voltage is 
supplied with VDD, = 25V, typical. 

PROM Section 

The PROM section of the chip is addressed by the 11 -bit 
address and CE. The address and CE are latched into 
the address latches on the falling edge of ALE. If the 
latched CE* is low and IO/M is low when RD goes low, the 
eight PROM bits addressed by the latched address are put 
out through ADq -7 output buffers. 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of ADo-i and CE*. Two 8 -bit Data Direction 
Registers determine the input/output status of each pin in 
the corresponding port. A Ospecifies an input mode, and a 
1 specifies an output mode. The table summarizes port 
and DDR designation. Contents of the DDR’s cannot be 
read. 


AD 1 

0 

O 

< 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

Port A Data Direction Register (DDR A) 

1 

1 

Port B Data Direction Register (DDR B) 


When IOW goes low and CE* is low, the data on the AD 0-7 
is written into I/O port selected by the latched value of 
AD 0 _-|. During this operation all I/O bits of the selected 
port are affected, regardless of their I/O mode and the 
state of IO /M. The actual output level does not change 
until IOW returns high, (glitch free output). 

A port can be read out when the latc hed CE* is low and 
either RD goes low with IO/M high, or IOR goes low. Both 
input and output mode bits of a selected port will appear 
on lines ADq_ 7 . 

Programming 

The word to be programmed is selected by latching the 
proper 11-bit address and CE* into the PROM with ALE. 
Data presented on the AD 0-7 lines is programmed into that 
word by a high level TTL pulse on the CE./PROG pin. The 
pulse should typically be 50 msec long with 26V on Vdd- 
or the PROG pin can remain high and Vdd can be pulsed 
for 100 ms. 


PB0.7 


RESET 


IOR 


XC 

y ss 


DD 
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8755 


FUNCTIONAL DESCRIPTION 

Program Memory — The 8755 contains an 8-bit address 
latch which allows it to interface directly to MCS- 
48 Microcomputers without additional hardware. Program 
memory is accessed by applying 11 bits of address to the 
A 0 - A-io inputs and a low level on the IO/M and CE inputs 
then latching these inputs with ALE. The CE input serves 
to select one of several possible 8755s in a system and the 
IO/M signal indicates that a subsequent read operation 
will be from program memory. While ALE is high 
the Ao - A-io, IO/M, and CE inputs are allowed into the 
8755 and when ALE is brought low, these inputs are 
latched. If the latched conditions indicate that a program 
memory fetch is to occur, a low level on RD will cause the 
data to be outputted on the data bus. 

I/O Ports — The I/O lines are organized as t wo 8- bit s tatic 
ports which can be read or written using the IOR and IOW 
control lines. Associated with each port is an 8-bit Data 
Direction Register (DDR) which serves to define each of 
the 8 lines of the port as either an input or an output. A “1” 
bit in the DDR sets the corresponding port bit to the output 
mode while a “0” designates the input mode. The two least 
significant bits of the latched address(A 0 , Ai) address the 
two. I/O ports and their associated DDR’s. 


Ao 

Ai 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

DDR A 

1 

1 

DDR B 

I/O Port Addressing 



INPUTS 


Interface to MCS-48™Microcomputers 
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8755 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .-10°C to +70°C 

Storage Temperature . -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground . -0.5Vto+7V 

Power Dissipation . 1.5W 


* 

*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the- 
device. This is a stress rating only and functional opera¬ 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi¬ 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS fr A = o°c to 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V.L 

Input Low Voltage 

-0.5 

0.8 

V 


V| H 

Input High Voltage 

2.0 

Vcc+0.5 

V 


VOL 

Output Low Voltage 


0.45 

V 

Iql = 2mA 

VOH 

Output High Voltage 

2.4 


V 

Iqh = -400/iA 

hL 

Input Leakage 


10 

pA 

< 

z 

ii 

< 

o 

o 

o 

o 

< 

•lo 

Output Leakage Current 


±10 

pA 

0.45V <V 0 UT <V C C 

•cc 

Vcc Supply Current 


180 

mA 



A.C. CHARACTERISTICS <t a = o°c to 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

*CYC 

Clock Cycle Time 

320 


ns 

Cload = 150 pF 
(See Figure 3) 

Ti 

CLK Pulse Width 

80 


ns 

t 2 

CLK Pulse Width 

120 


ns 

tf,t r 

CLK Rise and Fall Time 


30 

ns 

Ul 

Address to Latch Set Up Time 

50 


ns 

1 50 pF Load 

tLA 

Address Hold Time after Latch 

80 


ns 

*LC 

Latch to READ/WRITE Control 

100 


ns 

tRD 

Valid Data Out Delay from READ Control 


150 

ns 

*AD 

Address Stable to Data Out Valid 


400 

ns 

tLL 

Latch Enable Width 

100 


ns 

tRDF 

Data Bus Float after READ 

0 

100 

ns 

*CL 

READ/WRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

*DW 

Data In to WRITE Set Up Time 

150 


ns 

tWD 

Data In Hold Time After WR ITE 

0 


ns 

t W p 

WR ITE to Port Output 


400 

ns 

tpR 

Port Input Set Up Time 

50 


ns 

tRP 

Port Input Hold Time 

50 


ns 

tRYH 

READY HOLD TIME 

0 

120 

ns 

*ARY 

ADDRESS (CE) to READY 


160 

ns 

tRV 

Recovery Time between Controls 

300 


ns 

*RDE 

Data Out Delay from READ Control 

10 


ns 
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8755 


A. INPUT MODE 



B. OUTPUT MODE 


IOW 



PORT 

OUTPUT 


DATA* 

BUS 



*DATA BUS TIMING IS SHOWN IN FIGURE 4. 


FIGURE 5. I/O PORT TIMING. 



FIGURE 6. WAIT STATE TIMING (READY = 0). 
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8155 

RAM AND I/O EXPANDER 




■ 256 x 8 Static RAM ■ Single 5V Supply 

■ 2 Programmable 8-Bit I/O Ports ■ 40 Pin Dual-In-Line Package 

■ 1 Programmable 6-Bit I/O Port ■ Programmable 14-Bit Timer/Counter 

■ Internal Address Latch 

The 8155 is designed to expand the data memory, I/O, and timer capability of the MCS-48™single component 
microcomputers (the 8748, 8048, and 8035). This expander increases data memory by 256 words, adds 22 I/O lines, and 
adds a 14 bit timer/counter to the basic microcomputer without the necessity of any additional components. 

The data memory is a 256 x 8 static RAM which is speed compatible with all MCS-48 components. The I/O consists of two 
eight-bit ports which can be programmed for either input or output with or without associated handshaking signals and 
processor interrupt requests. An additional 6-bit port functions as an input port, as an output port, or as the source of 
strobes for the two eight-bit ports in the handshake mode. The 14 bit programmable timer/counter whose input clock and 
terminal count output are available to the user externally is programmable for several modes of operation. 


PIN CONFIGURATION 


BLOCK DIAGRAM 
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OPERATIONAL DESCRIPTION 

The 8155 includes the following operational features: 

• 2K Bit Static RAM organized as 256 x 8 

• Two 8 -bit I/O ports (PA & PB) and one 6 -bit I/O port 
(PC) 

• 14-bit binary down counter 

The I/O portion contains four registers (Command/ 
Status, PAo- 7 , PBq- 7 , PC 0 - 5 ). The IO/M (lO/Memory 
Select) pin selects the I/O or the memory (RAM) portion. 
Detailed descriptions of memory, I/O ports and timer 
functions will follow. 


The 8 -bit address on the AD lines, CE, and IO/M are all 
latched on chip at the falling edge of ALE. Therefore the 
ALE signal should be_activated (high) before the 
transistion of CE and IO/M signal, as shown in Figure 1 . A 
low on the IO/M must be provided to select the memory 
section. 


/ 


T - i 

/ 




\ 

IO/M ^ 

/_ 

\ 




AD 0-7 ^ 

ADDRESS 





/~ 

\ 

/ 





RD OR WR 



_ / 


NOTE: FOR DETAILED TIMING DIAGRAM INFORMATION, SEE FIGURE 7 AND A.C. CHARACTERISTICS. 


FIGURE 1. MEMORY READ/WRITE CYCLE. 
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PROGRAMMING OF THE COMMAND/ 
STATUS REGISTER 

The command register consists of eight latches one for 
each bit. Four bits (0-3) define the mode of the ports, two 
bits (4-5) enable or disable the interrupt from port C when 
it acts as control port, and the last two bits (6-7) are for the 
timer. 

The C/S register contents can be altered at any time by 
using the I/O address XXXXX000 during a WRITE 
operation. The meaning of each bit of the command byte 
is defined as follows: 


READING THE COMMAND/STATUS 
REGISTER 

The status register consists of seven latches one for each 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. The timer bit consists of a flip flop and a 
latch. 

The status of the timer and the I/O section can be polled by 
reading the C/S Register (Address XXXXX000). Status 
word format is shown below: 


7 6 5 4 3 2 1 0 



AD7 AD6 AD5 AD4 AD3 AD2 ADi ADo 



TERMINAL COUNT IS 


REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER OR STARTING 
NEW COUNT.) 


FIGURE 2. COMMAND/STATUS REGISTER BIT 
ASSIGNMENT. 


FIGURE 3. COMMAND/STATUS REGISTER STATUS 
WORD FORMAT. 
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INPUT/OUTPUT SECTION 

The I/O section of the 8155 consists of four registers as 

described below: 

• Command/Status Register (C/S) — This register is 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 

When the C/S register is selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not 
accessible through the pins. 

When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer become available on the ADq -7 lines. 

• PA Register — This register can be programmed to be 
either input or output ports depending on the 
status of the contents of the C/S Register. Also 
depending on the command, this port can operate in 
either the basic mode or the strobed mode (See timing 
diagram). The I/O pins assigned in relation to this 
register are PA 0 - 7 . The address of this register is 
XXXXX001. 


• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB 0 - 7 . The address 
of this register is XXXXX010. 

• PC Register -This register has the address XXXXX011 
and contains only 6 -bits. The 6 -bits can be program¬ 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD 2 and AD 3 bits of the C/S register. 

When PC 0-5 is used as a control port, 3-bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. See Table 1 . 


TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 


Pin 

ALT 1 

ALT 2 

ALT 3 

ALT 4 

PCO 

Input Port 

Output Port 

A INTR (Port A Interrupt) 

A INTR (Port A Interrupt) 

PCI 

Input Port 

Output Port 

A BF (Port A Buffer Full) 

A BF (Port A Buffer Full) 

PC2 

Input Port 

Output Port 

A STB (Port A Strobe) 

A STB (Port A Strobe) 

PC3 

Input Port 

Output Port 

Output Port 

B INTR (Port B Interrupt) 

PC4 

Input Port 

Output Port 

Output Port 

B BF (Port B Buffer Full) 

PC5 

Input Port 

Output Port 

Output Port 

B STB (Port B Strobe) 


The set and reset of INTR and BF with respect to STB, WR and RD timing is shown in Figure 9. 


In the summary, the registers’ assignments are: 


Address 

Pinouts 

Functions 

No. of Bits 

XXXXX000 

Internal 

Command/Status Register 

8 

XXXXX001 

PA 0-7 

General Purpose I/O Port 

8 

XXXXX010 

PBO-7 

General Purpose I/O Port 

8 

XXXXX011 

PCO-5 

General Purpose I/O Port or 
Control Lines 

6 


When the I/O ports are programmed to be output ports, 
the contents of the output ports can still be read by a 
READ operation when appropriately addressed. 

When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signalsfor PA and PB are initialized asfollows: 


CONTROL 

INPUT MODE 

OUTPUT MODE 

BF 

Low 

Low 

INTR 

Low 

High 

STROB 

Input Control 

Input Control 
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TIMER SECTION 

The timer is a 14-bit counter that counts the ‘timer input’ 
pulses and provides either a square wave or pulse when 
terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the loworder 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. 

The timer addresses serve a dual purpose. During WRITE 
operation, a COUNT LENGTH REGISTER (CLR) with a 
count length (bits 0-13) and a timer mode (bits 14-15) are 
loaded. During READ operation the contents of the 
counter (the present count) and the mode bits are read. 
To be sure that the right content of the counter is read, it is 
preferable to stop counting, read it, and then load it again 
and continue counting. 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 will specify the length of the next 
count and bits 14-15 will specify the timer output mode. 

There are four modes to choose from: 

0. Puts out low during second half of count. 

1 . Square wave 

2. Single pulse upon TC being reached 

3. Repetitive single pulse everytime TC is readied and 
automatic reload of counter upon TC being reached, until 
instructed to stop by a new command loaded into C/S. 

Bits 6-7 of Command/Status Register Contents are used 
to start and stop the counter. There are four commands to 
choose from: 

Note: See the further description on Command/Status 
Register. 

C/S7 C/S6 

0 0 NOP — Do not affect counter operation. 

0 1 STOP — NOP if timer has not started; stop 

counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately after 

present TC is reached (NOP if timer has not 
started) 

1 1 START — Load mode and CNT length and 

start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length 
immediately after present TC is reached. 



TIMER MODE MSB OF CNT LENGTH 



LSB OF CNT LENGTH 


FIGURE 4. TIMER FORMAT 

M2 Ml defines the timer mode as follows: 

M2 Ml 

0 0 Puts out low during second half of 

count. 

0 1 Square wave, i.e., the period of the 

square wave equals the count 
length programmed with auto¬ 
matic reload at terminal count. 

1 0 Single pulse upon TC being 

reached. 

1 1 Automatic reload, i.e., single pulse 

everytime TC is reached. 

Note: In case of an asymmetric count, i.e. 9, larger half of 
the count will be high, the larger count will stay active as 
shown in Figure 5. 



Note: 5 and 4 refer to the number of clock cycles in that 
time period. 

FIGURE 5. ASYMMETRIC COUNT. 
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ABSOLUTE MAXIMUM RATINGS* 


TemperatureUnderBias . 0°Cto+70°C 

Storage Temperature . -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground . -0.3Vto+7V 

Power Dissipation . 1.5W 


*COMMENT: Stresses above those listedunder “Absolute 
Maximum Ratings” may cause permanent damage to the r 
device. This is a stress rating only and functional opera* 
tion of the device at these or any other conditions above : 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliabili ty. 


D.C. CHARACTERISTICS (T a = o°c to 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V| L 

Input Low Voltage 

-0.5 

0.8 

V 


V|H 

Input High Voltage 

2.0 

V CC +0-5 

V 


VOL 

Output Low Voltage 


0.45 

V 

l 0 L = 2mA 

VOH 

Output High Voltage 

2.4 


V 

Iqh = -400juA 

IlL 

Input Leakage 


10 

ma 

Vin = Vcc t0 ov 

•lo 

Output Leakage Current 


+10 

mA 

0.45V <Vqut ^Vcc 

'CC 

Vcc Supply Current 


180 

mA 



6-24 







s, * 



A.C. CHARACTERISTICS <t a = o°c to 70°C; v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS / 

*AL 

Address to Latch Set Up Time 

50 


ns 

150 pF Load 

t|_A 

Address Hold Time after Latch 

80 


ns 

*LC 

Latch to READ/WRITE Control 

100 


ns 

tRD 

Valid Data Out Delay from READ Control 


150 

ns 

*AD 

Address Stable to Data Out Valid 


400 

ns 

tLL 

Latch Enable Width 

100 


ns 

tRDF 

Data Bus Float After READ 

0 

100 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


ns 

tcc 

READ/WRITE Control Width 

250 


ns 

*D\N 

Data In to WRITE Set Up Time 

150 


ns 

tWD 

Data In Hold Time After WR ITE 

0 


ns 

tRV 

Recovery Time Between Controls 

300 


ns 

t W P 

WRITE to Port Output 


400 

ns 

tpR 

Port Input Setup Time 

50 


ns 

tRP 

Port Input Hold Time 

50 


ns 

tSBF 

Strobe to Buffer Full 


400 

ns 

t SS 

Strobe Width 

200 


ns 

*RBE 

READ to Buffer Empty 


400 

ns 

tsi 

Strobe to INTR On 


400 

ns 

tRDI 

READ to INTR Off 


400 

ns 

tpss 

Port Setup Time to Strobe Strobe 

50 


ns 

tPHS 

Port Hold Time After Strobe 

100 


ns 

tSBE 

Strobe to Buffer Empty 


400 

ns 

*WBF 

WRITE to Buffer Full 


400 

ns 

*wi 

WRITE to INTR Off 


400 

ns 

tTL 

TIMER-IN to TIMER-OUT Low 

400 


ns 

tTH 

TIMER-IN to TIMER-OUT High 

400 


ns 

tRDE 

Data Bus Enable from READ Control 

10 


ns 


Note: For Timer Input Specification, see Figure 10. 
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B. WRITE* 



FIGURE 7. 8155 READ/WRITE TIMING DIAGRAM. 
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B. STROBED OUTPUT MODE 


BF 


STROBE 


INTR 


X W\ 


WR 


OUTPUT DATA 
TO PORT 


FIGURE 8. BASIC I/O TIMING. 





8155 


A. BASIC INPUT MODE 




*RP- 

M 


RD 

*pr — 


V _ 7 

1 


INPUT ^ 

t -* 

C- 1 

<_ 



DATA BUS* 


:x 


B. BASIC OUTPUT MODE 



FIGURE 9. STROBED I/O TIMING WAVEFORM. 


LOAD 

COUNTER —+\ 
FROM CLR 1 


RELOAD 
COUNTER —H 
FROM CLR 1 


COUNT | 0 | 3 | 2 | 1 | 0 | 3 | 2 



COUNTDOWN FROM 3 TO 0 
t CYC 320 ns MIN. 

tRISE^FALL 30 ns MAX. 
t 1 80 ns MIN. 

t 2 120 ns MIN. 

t TL TIMER IN TO TIMER-OUT LOW (TO BE DEFINED). 

t JH TIMER-IN TO TIMER-OUT HIGH (TO BE DEFINED). 


FIGURE 10. TIMER OUTPUT WAVEFORM. 
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8243 

MCS-48™ 

INPUT/OUTPUT EXPANDER 



■ Low Cost 

■ Simple Interface to MCS-48™ Micro¬ 
computers 

■ Four 4-Bit I/O Ports 

■ AND and OR Directly to Ports 


■ 24 Pin DIP 

■ Single 5V Supply 

■ High Output Drive 

■ Direct Extension of Resident 8048 I/O 
Ports 


The 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the MCS-48 
family of single-chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply voltage and 
high drive current capability. 

The 8243 consists of four 4-bit bi-directional static I/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only four (4) I/O lines of the 8048 be used for I/O expansion and also 
allows multiple 8243’s to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 


PIN CONFIGURATION 


BLOCK DIAGRAM 





rd 


ADDRESS 

DECODER 


a 


INSTRUC. 

DECODER 



rd 


,2 

13 

3 P70 








PROG-► 

CONTROL 

:> 

AND/OR 

LOGIC 


RESET 

CIRCUIT 


□ 


kv> 


INPUT 

BUFFER 




3 


3 


a 


LATCH 

_ 

4 

INPUT 

BUFFER 

c 

LATCH 

_ 

4 

- P 

INPUT 

BUFFER 

c 

LATCH 

_ t 

4 

hr 


INPUT 

BUFFER 
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PIN DESCRIPTION 


Symbol 

Pin No. 

Function 

PROG 

7 

Clock Input. A high to low 
transistion on PROG signifies 
that address and control are 
available on P20-P23, and a low 
to high transition signifies that 
data is available on P20-23. 

CS 

6 

Chip Select Input. A high on CS 
inhibits any changeof outputor 
internal status. 

P20-P23 

11-8 

Four (4) bit bi-directional port 
contains the address and con¬ 
trol bits on a high to low 
transition of PROG. During a 
low to high transition contains 
the data for a selected output 
port if a write operation, or the 
data from a selected port before 
the low to high transition if a 
read operation. 

GND 

12 

0 volt supply. 

P40-P43 

P50-P53 

P60-P63 

P70-P73 

2-5 

1,23-21 

20-17 

13-16 

Four (4) bit bi-directional I/O 
ports. May be programmed 
to be input (during read), 
low impedance latched output 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be directly written, ANDed or 
ORed with previous data. 

< 

o 

o 

24 

+5 volt supply. 


FUNCTIONAL DESCRIPTION 
General Operation 

The 8243 contains four 4-bit I/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The following operations may be performed on these 
ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each transfer 
consists of two 4-bit nibbles: 

The first containing the “op code” and port address and 
the second containing the actual 4-bits of data. 


A high to low transition of the PROG line indicates that 
address is present while a low to high transition indicates 
the presence of data. Additional 8243’s may be added to 
the 4-bit bus and chip selected using additional output 
lines from the 8048/8748/8035. 

Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5,6, and 7 to the tri-state and port 2to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes devicetoexit poweron mode. Thepoweron 
sequence is initiated if Vqq drops below IV. 

P21 P20 Address Code P23 P22 Instruction Code 


0 

0 

Port 4 

0 

0 

Read 

0 

1 

Port 5 

0 

1 

Write 

1 

0 

Port 6 

1 

0 

ORLD 

1 

1 

Port 7 

1 

1 

ANLD 


Write Modes 

The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi,A takes new data, OR’s it with the old data and 
then writes it to the port. ANLD Pi,A takes new data AND’s 
it with the old data and then writes ittothe port. Operation 
code and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. On the low to 
high transition of PROG data on port 2 is transferred to the 
logic block of the specified output port. 

After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the tri-stated mode while port 2 is 
returned to the input mode. 

Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the 
low impedance drive from the 8243 output. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.0°C to 70°C 

Storage Temperature.-65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground.-0.5V to +7V 

Power Dissipation.1 Watt 


.-- .. , - 

* COMM ENT: Stresses above those listed under "Absolute*? 
Maximum Ratings" may cause permanent damage to the *, 
device. This is a stress rating only and functional opera ^ 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi¬ 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T a = 0°C to 70°C, v cc = 5V ±5% 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V IL 

Input Low Voltage 


0.8 

V 


V,H 

Input High Voltage 

2.0 


V 


Vqli 

Output Low Voltage Ports 4-7 


0.45 

V 

1 q |_ = 10 mA 

V OL2 

Output Low Voltage Ports 4-7 


TBD 

V 

1 q |_ = 20 mA 

V 0H 

Output High Voltage 


2.4 

V 

Iqh = -400/iA 

>IL 

Input Leakage 


10 

juA 

_< 

3 

II 

o< 

o 

o 

o 

< 

‘oL2 

Output Current Port 2 

2.5 

8.5 

mA 

V 0L = 1.5V 

V OL3 

Output Low Voltage Port 2 


.45 

V 

Iqj^ = 0.8mA 

•cc 

V cc Supply Current 


40 

mA 


•oh 

Output Current Port 2 


TBD 


V 0H = 2.4V 

•vss 

l cc Plus Sum of all l 0L from 16 Outputs 


120 

mA 



A.C. CHARACTERISTICS 


T a = 0°C to 70°C, v cc = 5V ±5% 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

t A 

Code Valid Before PROG 

70 


ns 

80 pF Load 

t B 

Code Valid After PROG 

60 


ns 

20 pF Load 

X C 

Data Valid Before PROG 

200 


ns 

80 pF Load 

X D 

Data Valid After PROG 

20 


ns 

20 pF Load 

X E 

Float After PROG 


700 

ns 


h 

Enabled After PROG 

200 


ns 


t G 

Data Valid Before PROG 

300 


ns 

80 pF Load 


Data Valid After PROG 

20 


ns 

20 pF Load 


Floating After PROG 


100 

ns 

20 pF Load 


PROG Negative Pulse Width 

900 


ns 


X CP 

CS Valid Before PROG 

TBD 




t PC 

CS Valid Before PROG 

TBD 




t PO 

Ports 4-7 Valid After PROG 


TBD 


100 pF Load 

t IP 

Ports 4-7 Valid Before/After PROG 

TBD 




X ACC 

Port 2 Valid After PROG 

400 


ns 

80 pF Load 
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WAVEFORMS 


\ 

f _ / 

/' 

-t K -► 

— l c—►- 

V v v 

Y INSTRUCTION V FLOAT V DATA Y FLOAT 


◄-t ACC -► -t Q -► ◄ 

1 t H ► 


XX* INPUT MUST 

J yV BE VALID 

5o 

< 

- 

>- ! PO- 

► 

PREVIOUS OUTPUT VALID 

OUTPUT 

VALID 

- 

■ l IP ^— 

INPUT 

VALID 

"V 

X NEXT INPUT VALID 
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EXPANDER INTERFACE 



I/O 


I/O 


I/O 


I/O 


OUTPUT EXPANDER TIMING 


PROG 


\ 


/ 


P20-P23 


-< X > 

ADDRESS (4-BITS) DATA (4-BITS) 


BITS 3.2 BITS 1.0 

00“| READ 00 - ] 

01 I WRITE 01 I PORT 

10 I OR 10 | ADDRESS 

11 _| AND 11_| 
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Chapter 7 

COMPATIBLE MCS-80™ COMPONENTS 




COMPATIBLE MCS-80™ COMPONENTS 


8308 8192 Bit Static MOS ROM . 7-1 

8316A 16,384 Bit Static MOS ROM . 7-5 

8708 8192IKx8EPROM . 7-11 

8101A-4 1024 Bit Static MOS RAM With 

Separate I/O . 7-15 

8111A-4 1024 Bit Static MOS RAM With 

Common I/O . 7-19 

5101 1024 Bit Static CMOS RAM . 7-23 

8212 Eight-Bit Input/Output Port . 7-27 

8255A Programmable Peripheral Interface . 7-37 

8251 Programmable Communication Interface ... 7-59 

8205 Highspeed 1 Out of 8 Binary Decoder . 7-73 

8214 Priority Interrupt Control Unit . 7-79 

8216/8226 4-Bit Parallel Bi-Directional Bus Driver . 7-83 

8253 Programmable Interval Timer . 7-89 

8259 Programmable Interrupt Controller . 7-101 

8279 Programmable Peripheral Interface . 7-117 


















8308 

8192 BIT STATIC MOS READ ONLY MEMORY 


Organization — 1024 Words x 8 Bits 


Fast Access — 450 ns 

Directly Compatible with 8080 CPU at 
Maximum Processor Speed 

Two Chip Select Inputs for Easy 
Memory Expansion 


■ Directly TTL Compatible — All Inputs 
and Outputs 

■ Three State Output — OR-Tie 
Capability 

■ Fully Decoded 

■ Standard Power Supplies +12V DC, 5V 
DC 


The Intel® 8308 is an 8,192 bit static MOS mask programmable Read Only Memory organized as 1024 words by 8-bits. This 
ROM is designed for 8080 microcomputer system applications where high performance, large bit storage, and simple inter¬ 
facing are important design objectives. The inputs and outputs are fully TTL compatible. 

A pin for pin compatible electrically programmed erasable ROM, the Intel® 8708, is available for system development and 
small quantity production use. 

Two Chip Selects are provided — CS-| which is negative true, and CS 2 /CS 2 which may be programmed either negative or 
positive true at the mask level. 

The 8308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. 


PIN CONFIGURATION 

^-L_ 


A,C 

1 


24 

□ vcc 

A6 Q 

2 


23 

□ AS 


3 


22 

□ a s 

A„C 

4 


21 


AaC 

5 


20 

□ cs, 

A>C 

6 

8308 

19 

□ \bo 

A,C 

7 


18 

3 CS,/CSj 

Ao C 

8 


17 

□ o B 

°,c 

9 


16 

□ °» 

02 C 

10 


15 

□ o 6 

°3 C 

11 


14 

□ °s 

VssC 

12 


13 

□ o. 


BLOCK DIAGRAM 


DATA OUT 1 DATA OUT 8 



Aq Ai Ag 


PIN NAMES 


A 0 Ag 

ADDRESS INPUTS 

o v o 8 

DATA OUTPUTS 

CSi. cs 2 

CHIP SELECT INPUTS 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.-25°C to +85°C 

Storage Temperature.-65°C to+150°C 

Voltage On Any Pin With Respect 

To V BB . -0.3V to 20V 

Power Dissipation. 1.0 Watt 


‘COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condi¬ 
tions above those indicated in the operational sections of this speci¬ 
fication is not implied. Exposure to absolute maximum rating condi¬ 
tions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 

T a = 0°C to +70°C, V cc = 5V ±5%; V DD = 12V ±5%, V BB = -5V ±5%, V ss = 0V Unless Otherwise Specified. 


Symbol 

Parameter 

Limits 

Unit 

Test Conditions 

Min. 

Typ.U] 

Max. 

Ili 

Input Load Current 

(All Input Pins Except CSi) 



±10 

MA 

V| N = Oto 5.25V 

■lcl 

Input Load Current on CSi 



-1.6 

mA 

V| N = 0.45V 

•lPC 

Input Peak Load Current on CSi 



-4 

mA 

V, N = 0.8V to 3.3V 

•lkc 

Input Leakage Current on CSi 



10 

UiA 

V )N = 3.3V to 5.25V 

•lo 

Output Leakage Current 



10 

HA 

Chip Deselected 

Vil 

Input "Low" Voltage 

Vss- 1 


0.8V 

V 


V, H 

Input "High" Voltage 

3.3 


Vcc + 1 -0 

V 


_i 

o 

> 

Output "Low" Voltage 



0.45 

V 

Iql = 2mA 

V OH1 

Output "High" Voltage 

2.4 



V 

I 0 h = -4mA 

V OH2 

Output "High" Voltage 

3.7 



V 

Iqh = -1mA 

•cc 

Power Supply Current Vcc 


.8 

2 

mA 


■dd 

Power Supply Current V DD 


32 

60 

mA 


■bb 

Power Supply Current V BB 


10/Li A 

1 

mA 


_*>_ 

Power Dissipation 



775 

mW 



NOTE 1: Typical values for T/\ = 25°C and nominal supply voltage 


D.C. OUTPUT CHARACTERISTICS 


D.C. OUTPUT CHARACTERISTICS 



V 0L VOLTS 
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8308 


A.C. CHARACTERISTICS 


T A = 0°C to +70°C, V cc = +5V ±5%; V DD = +12V ±5%, V BB = -5V ±5%, V ss = 0V, Unless Otherwise Specified. 


Symbol 

Parameter 

Limits! 2 ! 

Unit 

Min. 

Typ. 

Max. 



*ACC 

Address to Output Delay Time 


200 

450 

ns 

*00*1 

Chip Select 1 to Output Delay Time 


85 

160 

ns 

O 

O 

ro 

Chip Select 2 to Output Delay Time 


125 

220 

ns 

*DF 

Chip Deselect to Output Data Float Time 


125 

220 

ns 


NOTE 2: Refer to conditions.of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
Vqh = 3.7V @ Iqh = -1mA, C|_ = lOOpF. 


CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load.1 TTL Gate, and C[_oad = 100pF 


Input Pulse Levels.65V to 3.3V 

Input Pulse Rise and Fall Times. 20 nsec 


Timing Measurement Reference Level 
. 2.4V V| H ,V 0H ; 0.8V V| L , V 0L 


CAPACITANCE T A = 25°C, f = 1 MHz, V BB = -5V, V DD , 
Vqc and ah other pins tied to Vgs- 


Symbol 

Test 

Limits 

Typ. 

Max. 

C IN 

Input Capacitance 


6pF 

Qdut 

Output Capacitance 


12pF 



7*3 





























(mA) 


8308 


TYPICAL CHARACTERISTICS (Nominal supply voltages unless otherwise noted.) 


I DD VS. TEMPERATURE 
(NORMALIZED) 


A OUTPUT CAPACITANCE 
VS. A OUTPUT DELAY 




CS-i INPUT 
CHARACTERISTICS 


— 

— 

— 

— 


— 


/ 

/ 






/ 






A 


\ 





0 £ _ I _ I _ 1 1 1 1 

0 .5 1.0 1.5 2.0 2.5 3.0 

V |N (VOLTS) 


t acc vs. temperature 

(NORMALIZED) 



AMBIENT TEMPERATURE T A (°C) 
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8316A 

16,384 BIT STATIC MOS READ ONLY MEMORY 

Organization—2048 Words x 8 Bits 
Access Time-850 ns max 


Single + 5 Volts Power Supply Voltage 

Directly TTL Compatible — All Inputs 
and Outputs 

Low Power Dissipation of 31.4 /iW/Bit 
Maximum 

Three Programmable Chip Select 
Inputs for Easy Memory Expansion 


■ Three-State Output — OR-Tie 
Capability 

■ Fully Decoded — On Chip Address 
Decode 

■ Inputs Protected — All Inputs Have 
Protection Against Static Charge 


The Intel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is 
designed for microcomputer memory applications where high performance, large bit storage, and simple inter¬ 
facing are important design objectives. 

The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The 
three chip select inputs are programmable. Any combination of active high or low level chip select inputs can be 
defined and the desired chip select code is fixed during the masking process. These three programmable chip 
select inputs, as well as OR-tie compatibility on the outputs, facilitate easy memory expansion. 

The 8316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all 
devices are directly TTL compatible. 


PIN CONFIGURATION 


A,C 

1 

W 24 

^ V CC 


A sC 

2 

23 

□ o, 


A,C 

3 

22 

□ o. 

A 10 _ 

A , 0 C 

4 

21 

3°, 



5 

20 

□ o 4 

A Ci 

A,c 

6 

19 

8316A 

□ o 5 

A 8 - 


7 

18 

□o 6 

A _ 


8 

17 

□0; 



9 

16 

□°8 

A g _ 

\C 

10 

15 

□ cs, 

A _ 


11 

14 

□ cs 2 

Aj _ 

GND C 

12 

13 

□ CS 3 



PIN NAMES 


BLOCK DIAGRAM 

°. °? °3 °4 °S °6 °7 °8 


y 


OUTPUT BUFFERS 


I 1 I I I I I I 


H 


cs 

DECODE 


Y DECODER 1 OF 16 x 8 


16. 384 BIT 
CELL MATRIX 


_L_L_L 


i-t .1 t t t t t . |“ L £ T 


t f t 


CHIP 

SELECT 

INPUT 

BUFFERS 


A 0 A 1 0 

ADDRESS INPUTS 

0, 0 8 

DATA OUTPUTS 

n 

n 

PROGRAMMABLE CHIP SELECT INPUTS 
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8316A 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias .0°C to 70°C 

Storage Temperature.-65°Cto+150C 

Voltage On Any Pin With Respect 

To Ground. -0.5V to +7V 

Power Dissipation.1.0 Watt 


•COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


T a = 0°C to +70°C, Vq C = 5V ±5% unless otherwise specified 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

TEST CONDITIONS 

MIN. 

TYP. n) 

MAX. 

'Ll 

Input Load Current 
(All 1 nput Pins) 



10 

mA 

V| N = 0 to 5.25V 

>LOH 

Output Leakage Current 



10 

mA 

CS = 2.2V, V 0 uT = 4.0V 

>LOL 

Output Leakage Current 



-20 

MA 

CS = 2.2 V, Vqut = 0.45V 

■cc 

Power Supply Current 


40 

98 

mA 

All inputs 5.25V Data Out Open 

V|L 

Input "Low" Voltage 

-0.5 


0.8 

V 


V, H 

Input "High" Voltage 

2.0 


Vcc + 1-OV 

V 


O 

> 

Output "Low" Voltage 



0.45 

V 

Iql = 2.0 mA 

I 

o 

> 

Output "High" Voltage 

2.2 



V 

1 OH = -100 /iA 


(1) Typical values for T A = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 


T a = 0°C to +70°C, Vcc = +5V ±5% unless otherwise specified 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN. 

TYP. m 

MAX. 

tA 

Address to Output Delay Time 


400 

850 

nS 

tco 

Chip Select to Output Enable Delay Time 



300 

nS 

f DF 

Chip Deselect to Output Data Float Delay Time 

0 


300 

nS 


CONDITIONS OF TEST FOR 
A.C. CHARACTERISTICS 

Output Load ... 1 TTL Gate, and C[_c>ad = 100 pF 

Input Pulse Levels.•.0.8 to 2.0V 

Input Pulse Rise and Fall Times . (10% to 90%) 20 nS 
Timing Measurement Reference Level 

Input .1.5V 

Output .0.45V to 2.2V 


CAPACITANCE^ T A = 25°C, f = 1 MHz 


SYMBOL 

TEST 

LIMITS 

TYP. 

MAX. 

C|N 

All Pins Except Pin Under 

Test Tied to AC Ground 

4 pF 

10 pF 

C OUT 

All Pins Except Pin Under 

Test Tied to AC Ground 

8 pF 

15 pF 


(2) This parameter is periodically sampled and is not 100% tested. 
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8316A 


WAVEFORMS 



16K ROM PROTOTYPING 


ROM systems may be developed and programs may be verified using Intel's 1702A or 2708 PROMs. 
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t A (nS) Iql ImA) t A (nS) 


8316A 


TYPICAL D.C. CHARACTERISTICS 


ACCESS TIME VS. AMBIENT 
TEMPERATURE 



0 20 40 60 80 

T A rc> 


V| N LIMITS VS. TEMPERATURE 



0 10 20 30 40 50 60 70 


t a rc> 


OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 



0 12 3 



V 0L (VOLTS) 


V 0H (VOLTS) 


ACCESS TIME VS. LOAD 
CAPACITANCE 


STATIC l CC VS. AMBIENT TEMPERATURE 
WORST CASE 



0 100 200 300 400 500 



c LOAD <PM) 








MCS® 

CUSTOM ROM 
ORDER FORM 


8316A 

ROM 


intel* 


niJSTOMFR 


P.O. NUMBER 


DATF 





For Intel use only 

S# 

PPPP 

STD 

ZZ 


nn 

APP 

DATE 




All custom 8316A ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 


MARKING 

The marking as shown at the right must contain the Intel logo, the 
product type (P8316A), the 4-digit Intel pattern number (PPPP), a date 
code (XXXX), and the 2-digit chip number (DD). An optional customer 
identification number may be substituted for the chip number (ZZ). 
Optional Customer Number (maximum 9 characters or spaces). 
CUSTOMER NUMBER _ 


-INTEL PATTERN NUMBER 




■ 8316A 

■ 

PPPP 

1 ( XXXX , 

ZZ 

_ - __.ZEZ_ 1 


DATE CODE 


- CHIP NUMBER OR 
CUSTOMER NUMBER 


MASK OPTION SPECIFICATIONS 


A. CHIP NUMBER _(Must be 

specified—any number from 0 through 
7—DD). 


The chip number will be coded in 
terms of positive logic where a logic 
"1" is a high level input. 


Chip 

Number CS3 
0 0 

1 0 

2 0 

3 0 

4 1 

5 1 

6 1 

7 1 


CS2 CS1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 


B. ROM Truth Table Format 
Programming information should be 
sent in the form of computer punched 
cards or punched paper tape. In either 
case, a printout of the truth table 
should be accompanied with the order. 
The following general format is applic¬ 
able to the programming information 
sent to Intel: 

• Data fields should be ordered begin¬ 
ning with the least significant address 
(0000) and ending with the most sig¬ 
nificant address (2047). 

• A data field should start with the 
most significant bit and end with the 
least significant bit. 


• The data field should consist of P's 
and N's. A P is to indicate a high level 
output (most positive) and an N a low 
level output (most negative). In terms 
of positive logic, a P is defined as a 
logic “I'' and an N is defined as a logic 
"0". If the programming information 
is sent on a punched paper tape, then 
a start character, B, and an end charac¬ 
ter, F, must be used in the data field. 

1. Punched Card Format 

An 80-column Hollerith card (prefer¬ 
ably interpreted) punched by an IBM 
026 or 029 keypunch should be sub¬ 
mitted. The first card will be a title 
card; the format is as follows: 
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MCS® CUSTOM ROM ORDER FORM 


a. Title Card 


TITLE CARD 
DESIGNATION 


1 


CUSTOMERS 
COMPANY NAME 


CUSTOMER'S 
DIVISION OR 
LOCATION 


NO OF OUTPUTS 


4 or 8 


INTEL P/N 
CUSTOMER'S P/N 


L r/iN 

N rU 1 


DECIMAL number 
INDICATING THE 
TRUTH TABLE NUMBER 


f! s ■ ■ ur.s c -. L r: Ir'- 

I M II I I I I I I II II I 

I III III I I I I I 

loooaiiioGoooiaaoooioaooooooooaoooiouioooaooooaaooooaooooaaDoooooooooioaooooooii 

II I ! I II I I I I I I! M I II I M I M 1 I | I I II I I l|l l|l I l|l|ll|l II I I I II I l|l I I I I I I I I I I I I I II M I II 

121221112111222 11211212222112221121212212212222122211222222122111111222112221211 

Innnn)|3||nninin3n33])n]33)|33||]3]]|)|3 j]3]33]]33|3]5)3)||]]33n3')3] 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 | 4 4 4 4 4 4 4 4 | 4 4 4 4 4 4 4 4 4 
SSiSSSSSS|S|SSSMSSSSSiSSSSSSSSSSSSS|SSSSS5S55SSSS5S5S5SS55555|5SSS5SSS|S|5SSSSb 
66&6fa66866666Sb|66SS6S|66666SS6SS666ES666E6SS&6SB6|&666666666b66666S66S6S6&6l>6£6 

n n :%n 11 n i n n i n n mu i n i n i n n n n i n n i n i n n i n! n n n 111 : i n i n n; i; 

8 8 8 8 8 818e88!8 8 8 8 ! i8 8 I H 8 8 8 81 118 8! 8 8 111 8 8 B 8 8 8 1 8 8 8 8 8 8 8 8 8 8 8 8 H8« : 8 ct 8 f6 3 M1118 8 8 3 8 8 

911 Vi 1119 8 t < 111 < 9 19 9 9 8 9 | 9 5 9 9 9 9 9 9 9 9 9 9 9 8 9 8 9 9 9 19 9 3 9 813 9 9 9 3 9 999 9 1 i n Vi ! 3 9 919 9 <1 9 s 4 4 « 3 


Column 

1 

2-5 

6-30 

31-34 

35-54 

55-57 

58-66 

67 

68-75 


76-78 

79-80 


b. For a 2048 word X 8-bit organiza¬ 
tion only, cards 2 and the following 
cards should be punched as shown. 


MSB 

DECIMAL WORD (OUTPUT 8) 

ADDRESS BEGINNING | 

EACH CARD 


LSB 

(OUTPUT 1) 

8 DATA FIELDS 


DECIMAL NUMBER 
INDICATING THE 
TRUTH TABLE NUMBER 


/ 


I" 

PliMililtltli 


TTTfhNiT 


pppnnppti t-f-unriF-pf- nntir.tiF ff tiiiFFniii'F muif-fhhf- 


r 1 ! 

■TV 


iiiiiiii iiiiiiii 11111111 iiiiiiii iiiiiiii iiiiiiii iiiiiiii ilium 


111110 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01! I) 0 0 0 0 0 0 0 0 0 0 C 0 13 0 0 0 0 0 0 0 0 C 0 0 0 0 Ij 0 011 
I I I I I 1 I I I I M I I I I I II I I I II I I I I I I I I I I I I I I I I I II I I I I II I I I 111 1 II I 1 111 I I I I I I I I I 1 I M 111 I 


222121 mu 1:11111111111:221211111222111111121212:11122221222121:221112:21211 ::i 

3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 J 3 3 3 3 1 1 3 3 3 3 3 j j I 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 


msmiiiium smim nil iii iii iim iiiii iiir 

‘ |. M. f t », 4 6 b t b t b b 8 8 8 t 6 i 6 f £ . I t ;> i b t b i t b C 6 o £ 8 6 b 6 i fc b i, i i C t 6 5 6 £ e 6 t i o o o 6 •. •. i i i b c t t i t t i 6 o 


II 1111 III III 11//11 11111 III II II II I 

8 t i S 8 b k f f ‘ r t a 8 t 5 8 8 8 8 j t 6 i i c < 1 i 8 8 8 6 ( 8 8 8 8 8 6 8 8 8 5 6 6 8 ! 5 t t 8 i S * t s c r 3 ; 3 • -3 • t : f r : ■ • n ; c t t r : 



6 

7-14 

15 

16-23 

33 

34-41 

42 

43-50 

51 

52-59 

60 

61-68 

69 

70-77 

78 

79-80 


Data 

Punch a T 

Blank 

Customer Company Name 

Blank 

Customer's Company Division or location 

Blank 

Customer Part Number 

Blank 

Punch the Intel 4-digit basic part number 
and in ( ) the number of output bits, 
e.g., 8316A(8). 

Blank 

Punch a 2-digit decimal number to iden¬ 
tify the truth table number (mask 
programmed chip select number). 


Data 

Punch the 5-digit decimal equivalent of 
the binary coded location which be¬ 
gins each card. The address is right 
justified, i.e., 00000, 00008, 00016, 
etc. 

Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 
Data Field 
Blank 

Punch same 2-digit decimal number as in 
title card. 


2. Paper Tape Format 
1" wide paper tape using 7- or 8-bit 
ASCII code, such as a model 33 ASR 
Teletype produces, or the 11/16" wide 
paper tape using a 5-bit Baudot code, 
such as a Telex produces. 

The format requirements are as fol¬ 
lows: 

a. All word fields are to be punched in 
consecutive order, starting with word 
field 0 (all addresses low). There must 
be exactly 2048 word fields for the 
2048 X 8 ROM organization. 

b. Each word field must begin with 
the start character B and end with the 
stop character F. There must be ex¬ 
actly 8 data characters between the B 
and F. 


NO OTHER CHARACTERS, SUCH 
AS RUBOUTS,ARE ALLOWED ANY¬ 
WHERE IN AWORD FIELD. If in pre¬ 
paring a tape an error is made, the en¬ 
tire word field, including the B and F, 
must be rubbed out. Within the word 
field, a P results in a high level output 
and an N results in a low level output. 

c. Preceding the first word field and 
following the last word field, there 
must be a leader/trailer length of at 
least 25 characters. This should consist 
of rubout or null punches (letter key 
for Telex tapes). 

d. Between word fields, comments not 
containing B's or F's may be inserted. 
Carriage return and line feed characters 
should be inserted as a "comment") 


just before each word field (or at least 
between every four word fields). When 
these carriage returns, etc., are inserted, 
the tape may be easily listed on the 
teletype for purposes of error check¬ 
ing. The customer may also find it 
helpful to insert the word number (as 
a comment) at least every four word 
fields. 

e. Included in the tape before the 
leader should be the customer's com¬ 
plete Telex or TWX number and, if 
more than one pattern is being trans¬ 
mitted, the ROM pattern number. 

f. MSB and LSB are the most and least 
significant bit of the device outputs. 
Refer to the data sheet for the pin 
numbers. 


Start Character 

Leader: Rubout Key for TWX and Letter 
Key for Telex (at least 25 frames). 


- 1 Stop Character -. Data Field 

} ^ I I 

BPPPNNNNNFBNNNNNNPPF 


MSB 

i 


LSB 

♦ 


BNPIMPPPNIMF 


Word Field 2048 


Trailer: Rubout Key for TWX and Letter 
Key for Telex (at least 25 frames). 
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in W 

8192 BIT ERASABLE AND ELECTRICALLY 
REPROGRAMMABLE READ ONLY MEMORY 


• 8708 1024x8 Organization 

■ Fast Programming — ■ Static—No Clocks Required 

Typ. 100 sec. For All 8K Bits . , nputs and 0utputs TTL 

■ Low Power During Programming Compatible During Both Read 

■ Access Time—450 ns and Program Modes 

■ Standard Power Supplies— " Three-State Output—OR-Tie 

+ 12V, ±5V Capability 


The Intel® 8708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (EPROM) ideally suited where 
fast turn around and pattern experimentation are important requirements. 

The 8708 is packaged in a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. 

A pin for pin mask programmed ROM, the Intel® 8308, is available for large volume production runs of systems initially 
using the 8708. 

The 8708 is fabricated with the time proven N-channel silicon gate technology. 


PIN CONFIGURATION BLOCK DIAGRAM 



PIN NAMES 


Ao Ag 

ADDRESS INPUTS 

o, o 8 

DATA OUTPUTS 

CS/WE 

CHIP SELECT/WRITE ENABLE INPUT 
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8708 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias..-25°C to +85°C 

Storage Temperature.-65°C to +125°C 

All Input or Output Voltages with Respect to Vbb 

(except Program). +15V to -0.3V 

Program Input to Vbb . +35V to -0.3V 

Supply Voltages Vcc and Vss with Respect to Vbb . +15V to -0.3V 

V DD with Respect to V B b . +20V to -0.3V 

Power Dissipation. 1.5W 


•COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


READ OPERATION 


D.C. AND OPERATING CHARACTERISTICS 

T a = 0°C to 70°C, V cc = +5V ±5%, V DD = +12V +5% V eB = -5V ±5%, V ss = 0V, Unless Otherwise Noted. 


Symbol 

Parameter 

Min. Typ.U) Max. 

Unit 

Conditions 

'Ll 

Address and Chip Select Input Load Current 

10 

ptA 

V| N = 5.25V 

■lo 

Output Leakage Current 

10 

ma 

V 0UT = 5.25V, CS/WE = 5V 

•dd 

Vqd Supply Current 

50 65 

mA 

Worst Case Supply Currents: 

All Inputs High 

CS/WE = 5V;T a = 0°C 

!CC 

Vcc Supply Current 

6 10 

mA 

•bb 

Vbb Supply Current 

30 45 

mA 

Vil 

Input Low Voltage 

V$s 0.65 

V 


V, H 

Input High Voltage 

3.0 V C c + 1 

V 


V 0 L 

Output Low Voltage 

0.45 

V 

Iql = 1.6mA 

V OH1 

Output High Voltage 

3.7 

V 

•oh = -100/iA 

V OH2 

Output High Voltage 

2.4 

V 

I 0 h = -1mA 


Power Dissipation 

800 

mW 

T a = 70°C 


NOTES: 1. Typical values are for T A = 25°C and nominal supply voltages. 

2. The program input (Pin 18) may be tied to Vgs or Vcc during the read mode. 
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8708 


A.C. CHARACTERISTICS 

T a = 0°C to 70°C, V cc = +5V ±5%, V DD = +12V ±5%, V BB = -5V ±5%, V ss = 0V, Unless Otherwise Noted. 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

X ACC 

Address to Output Delay 


280 

450 

ns 

fco 

Chip Select to Output Delay 



120 

ns 

*DF 

Chip De-Select to Output Float 

0 


120 

ns 

tQH 

Address to Output Hold 

0 



ns 


Capacitance 111 T A = 25°C, f = 1MHz 


Symbol 

- 1 

Parameter 

Typ. 

Max. 

Unit 

Conditions 

C IN 

Input Capacitance 

4 

6 

pF 

> 

o 

ii 

z 

> 

C OUT 

Output Capacitance 

8 

12 

_i 

pF 

V OU T=0V 


Note 1. This parameter is periodically sampled and not 100% tested. 


A.C. Test Conditions: 

Output Load: 1 TTL gate and Ci_ = lOOpF 
Input Rise and Fall Times: <20ns 

Timing Measurement Reference Levels: 0.8V and 2.8V for inputs; 0.8V and 2.4V for outputs 
Input Pulse Levels: 0.65V to 3.0V 


Waveforms 


ADDRESS 





’acc 


-H 


DATA 

OUT 


DATA OUT INVALID 



DATA OUT 
FLOATING 
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8101A-4 

1024 BIT STATIC MOS RAM 
WITH SEPARATE I/O 


450 nsec Access Time Maximum 
256 Word by 4 Bit Organization 


■ Single +5V Supply Voltage 

■ Directly TTL Compatible: All Inputs and 
Outputs 

■ Static MOS: No Clocks or Refreshing 
Required 

■ Simple Memory Expansion: Chip Enable 
Input 


■ Powerful Output Drive Capability 

■ Low Cost Packaging: 22 Pin Plastic Dual 
In-Line Configuration 

■ Low Power: Typically 150mW 

■ Three-State Output: OR-Tie Capability 

■ Output Disable Provided for Ease of Use 
in Common Data Bus Systems 


The Intel® 8101A-4 is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated 
on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. 
The data is read out nondestructively and has the same polarity as the input data. 

The 8101A-4 is designed for memory applications where high performance, low cost, large bit storage, and simple 
interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy 
selection of an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs 
can be tied for common I/O systems. The output disable function eliminates the need for bi-directional logic in a common 
I/O system. 

The Intel® 8101A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithicchip 
than either conventional MOS technology or P-channel silicon gate technology. 

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION 


LOGIC SYMBOL 


BLOCK DIAGRAM 




Dl 1 -Dl 4 

DATA INPUT 

ce 2 

CHIP ENABLE 2 

A) A 7 

ADDRESS INPUTS 

OD 

OUTPUT DISABLE 

R/W 

READ/WRITE INPUT 

O 

Q 

o’ 

O 

4 DATA OUTPUT 

CE, 

CHIP ENABLE 1 

VCC 

POWER (+5V) 
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8101A-4 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.-10°C to 80°C 

Storage Temperature.-65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground. -0.5V to +7V 

Power Dissipation. 1 Watt 


* COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating 'may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de¬ 
vice at these or at any other condition above those indi¬ 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con¬ 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 

T a = 0°C to 70°C, V cc = 5V ±5% unless otherwise specified. 


Symbol 

Parameter 

Min. 

Typ. [1 * 

Max. 

Unit 

Test Conditions 

'Ll 

Input Current 


1 

10 

pA 

V| N =0 to 5.25V 

'loh 

I/O Leakage Current^ 


1 

10 

pA 

Output Disabled, Vqut = 4.0V 

'lol 

I/O Leakage Current^ 


-1 

-10 

pA 

Output Disabled, Vqut = 0-45V 

'cci 

Power Supply 

Current 


35 

55 

mA 

V, N - 5.25V, l 0 = 0mA 

T a = 25°C 

'CC2 

Power Supply 

Current 



60 

mA 

V| N = 5.25V, l 0 = 0mA 

T a = 0°C 

VlL 

Input "Low" Voltage 

-0.5 


+0.8 

V 


V IH 

Input "High" Voltage 

2.0 


V CC 

V 


VOL 

Output "Low" Voltage 



+0.45 

V 

Iql “ 2.0mA 

< 

2 

Output "High" 

Voltage 

2.4 



V 

Iqh = -400^ A 


TYPICAL D.C. CHARACTERISTICS 

OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 




V 0H (VOLTS) V OL (VOLTS) 


NOTES: 1. Typical values are for T A = 25°C and nominal supply voltage. 
2. Input and Output tied together. 
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8101A-4 


A.C. CHARACTERISTICS 

READ CYCLE T& = 0°C to 70°C, V^c = 5V ±5%, unless otherwise specified. 


Symbol 

Parameter 

Min. 

-r Ml 

Typ. 

Max. 

Unit 

Test Conditions 

f RC 

Read Cycle 

450 



ns 

(See Below) 

tA 

Access Time 



450 

ns 

fco 

Chip Enable To Output 



310 

ns 

*00 

Output Disable To Output 



250 

ns 

fDF 

Data Output to High Z State 

0 


200 

ns 

fQH 

Previous Read Data Valid 
after change of Address 

40 



ns 

WRITE CYCLE 

Symbol 

Parameter 

Min. 

T [1] 
Typ. 

Max. 

Unit 

Test Conditions 

*WC 

Write Cycle 

270 



ns 

(See Below) 

f AW 

Write Delay 

20 



ns 

few 

Chip Enable To Write 

250 



ns 

*DW 

Data Setup 

250 



ns 

fDH 

Data Hold 

0 



ns 

t W p 

Write Pulse 

250 



ns 

fWR 

Write Recovery 

0 



ns 

X DS 

Output Disable Setup 

20 



ns 


A.C. CONDITIONS OF TEST 


t r ,tf .20 ns 

Input Levels.0.8V or 2.0V 

Timing Reference. 1.5V 

Load.1 TTL Gate and Cj_ = 100 pF 


WAVEFORMS 


CAPACITANCE 131 t a = 25 °c, f = i mh z 


Symbol 

Test 

Limits (pF) 

TypJ 1 1 

Max. 

C IN 

Input Capacitance 
(All Input Pins) Vj(sj = 0V 

4 

8 

c? 

C 

H 

Output Capacitance Vqut = 0V 

8 

12 


READ CYCLE WRITE CYCLE 



3. This parameter is periodically sampled and is not 100% tested. 
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8111A-4 

1024 BIT STATIC MOS RAM 
WITH COMMON I/O 


450 nsec Access Time Maximum 
256 Word by 4 Bit Organization 


■ Single +5V Supply Voltage 

■ Directly TTL Compatible: All Inputs 
and Outputs 

■ Static MOS: No Clocks or Refreshing 
Required 

■ Simple Memory Expansion: Chip Enable 
Input 


■ Powerful Output Drive Capability 

■ Low Cost Packaging: 18 Pin Plastic Dual 
In-Line Configuration 

■ Low Power: Typically 150mW 

■ Three-State Output: OR-Tie Capability 

■ Output Disable Provided for Ease of Use 
in Common Data Bus Systems 


The Intel® 8111A-4 is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated 
on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. 
The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 

The 8111 A-4 is designed for memory applications in small systems where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tied. 

The Intel® 8111 A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip 
than either conventional MOS technology or P-channel silicon gate technology. 

Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION 


LOGIC SYMBOL 


BLOCK DIAGRAM 


a 3 C 

1 

18 

dl v cc 

_ 

A o 


Aid 

2 

17 

d A 4 

_ 

A 1 I/O, 

_ 

Aid 

3 

16 

|r/w 

_ 

a 2 i/o 2 

_ 

A o d 

4 

15 



A 3 i/0 3 




8111 A-4 



8111 A-4 


Asd 

5 

14 

□ '/04 

— 

a 4 i/o 4 

— 

Aed 

6 

13 

d) l/0 3 

— 

A 5 


A i d 

7 

12 

d'/°2 

— 

A 6 OD 

— 

GND | 

8 

11 

| I/O! 

— 

A 7 


ODd 

9 

10 

dJCE? 


R/W CE, CE ? 



nr 


PIN NAMES 


A0-A7 

ADDRESS inputs 

1 OD 

OUTPUT DISABLE 

j R/W 

READ/WRITE INPUT 

CE i 

CHIP ENABLE 1 

; ce 2 

CHIP ENABLE 2 . 

| i/0i-i/b 4 

DATA INPUT/OUTPUT i 
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8111A-4 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.-10°C to 80°C 

Storage Temperature.-65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground. -0.5V to +7V 

Power Dissipation. 1 Watt 


* COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating"may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de¬ 
vice at these or at any other condition above those indi¬ 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con¬ 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 

T A = 0°C to 70°C, V cc = 5V ±5% , unless otherwise specified. 


Symbol 

Parameter 

Min. 

Typ.M 1 

Max. 

Unit 

Test Conditions 

'Ll 

Input Load Current 


1 

10 

pA 

V| N = 0 to 5.25V 

•loh 

I/O Leakage Current 


1 

10 

ma 

Output Disabled, V|/q=4.0V 

•lol 

I/O Leakage Current 


-1 

-10 

pA 

Output Disabled, V|/q=0.45V 

■cci 

Power Supply 

Current 


35 

55 

mA 

V, N = 5.25V 

l| /0 = 0mA, T a = 25°C 

■cc2 

Power Supply 

Current 



60 

mA 

V, N = 5.25V 

1 I/O = 0mA, T a = 0°C 

VlL 

Input Low Voltage 

-0.5 


0.8 

V 


V|H 

Input High Voltage 

2.0 


< 

o 

o 

V 


V 0 L 

Output Low Voltage 



0.45 

V 

Iql = 2.0mA 

Vqh 

Output High 

Voltage 

2.4 



V 

l 0 H = -400mA 


OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 











8111A-4 


A.C. CHARACTERISTICS 

READ CYCLE = 0°C to 70°C, V^c = 5V ±5%, unless otherwise specified. 


Symbol 

-I 

Parameter 

Min. 

T [11 

Typ. 

Max. 

Unit 

Test Conditions 

*RC 

Read Cycle 

450 



ns 

(See Below) 

X A 

Access Time 



450 

ns 

x CO 

Chip Enable To Output 



310 

ns 

x OD 

Output Disable To Output 

0 

- 

^50 

ns 

fDF 

Data Output to High Z State 

200 

ns 

tQH 

Previous Read Data Valid 
after change of Address 

40 



ns 


WRITE CYCLE 


Symbol 

Parameter 

Min. 

T ^ 1] 

Typ. 

Max. 

Unit 

Test Conditions 

*WC 

Write Cycle 

270 



ns 

(See Below) 

*AW 

Write Delay 

20 



ns 

few 

Chip Enable To Write 

250 



ns 

*DW 

Data Setup 

250 



ns 

fDH 

Data Hold 

0 



ns 

t WP 

Write Pulse 

250 



ns 

fWR 

Write Recovery 

0 



ns 

f DS 

Output Disable Setup 

20 



ns 


A.C. CONDITIONS OF TEST 


t r ,tf .20 ns 

Input Levels.0.8V or 2.0V 

Timing Reference . 1.5V 

Load.1 TTL Gate and Cl = 100 pF 


[3] 

CAPACITANCE t a = 25 °c, f = i MHz 


Symbol 

Test 

Limits (pF) 

TypJ 1 ] 

Max. 

C IN 

Input Capacitance 
(All Input Pins) V|n = 0V 

4 

8 

C l/0 

I/O Capacitance V|/q = 0V 

10 

15 


WAVEFORMS 

READ CYCLE WRITE CYCLE 


ADDRESS 




ADDRESS 




CHIP 
ENABLES 
(CE1, CE2) 




l CO 



OUTPUT 

DISABLE 


DATA I/O 



y ,qh 

I"*- l DF - -►I 


DATA OUT 
VALID 


CHIP 
ENABLES 
<CE,. CE 2 ) 


\ 


f cw 


/ 


OUTPUT 

DISABLE 


DATA I/O 




— l DW 


DATA IN 
STABLE 



READ/ 

WRITE 



NOTES: 1. Typical values are for T/\ = 25°C and nominal supply voltage. 

2. tQp is with respect to the trailing edge of CE-|, CE 2 , or OD, whichever occurs first. 

3. This parameter is periodically sampled and is not 100% tested. 
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inlel' 5101, 51 OIL 

1024 BIT (256 x 4) STATIC 


CMOS RAM 


P/N 

Typ. Current @ 2V 
(pA) 

Typ. Standby 
Current (pA) 

Max Access 
(ns) 

5101L 

0.14 

0.2 

650 

5101L-1 

0.9 

1.5 

450 

5101L-3 

0.7 

1.0 

650 

5101-1 

— 

1.5 

450 

5101 

— 

0.2 

650 

5101-3 

— 

1.0 

650 

5101-8 

— 

10.0 

800 


Single +5V Power Supply 

Ideal for Battery 
Operation (51 OIL) 


■ Directly TTL Compatible: 
All Inputs and Outputs 

■ Three-State Output 


The Intel® 5101 and 5101L are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion- 
implanted silicon gate CMOS technology. The devices have two chip enable inputs. Minimum standby current is drawn by 
these devices when CE 2 is at a low level. When deselected the 5101 draws from the single 5 volt supply only 15 microamps. 
These devices are ideally suited for low power applications where battery operation or battery backup for non-volatility are 
required. 

The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is 
read out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 
5101 has separate data input and data output terminals. An output disable function is provided so that the data inputs and 
outputs may be wire OR-ed for use in common data I/O systems. 

The 51 OIL is identical to the 5101 with the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 
volts. 

A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a 256 x 4 
organization is needed. 

The Intel ion-implanted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power, high 
performance memories. 


PIN CONFIGURATION LOGIC SYMBOL 


A,l= 

-V. 

1 

J - 

22 

□ v CC 


Ao 



A 2 (Z 

2 

21 

=]a 4 

— 

A, 



AiCZ 

3 

20 

1 R/W 

— 

a 2 



Aod 

4 

19 

ZD cfi 

_ 

A 4 



As C 

5 

18 

1 OD 

— 

a 5 



AeCZ 

6 

17 

1 CE2 

— 

A 6 

a 7 



a 7 C= 

7 

16 

1 do 4 


DI 1 

DO 


GND I 

8 

15 

=|di 4 

— 

DI-, 

DO 

— 

D'td 

9 

14 

HI do 3 

— 

Dl 3 

DO 

— 






Dl 4 

DO 


DO, CZ 

10 

13 

ZD di 3 


OD 



di 2 d 

11 

12 

=]oo 2 


R/W 

CE2 CE1 

1 0 



TRUTH TABLE 


CEi 

ce 2 

OD 

R/W 

Din 

Output 

Mode 

H 

X 

X 

X 

X 

High Z 

Not Selected 

X 

L 

x 

X 

X 

High Z 

Not Selected 

X 

X 

H 

H 

X 

High Z 

Output Disabled 

L 

H 

H 

L 

X 

High Z 

Write 

L 

H 

L 

L 

X 

Din 

Write 

L 

H 

L 

H 

X 

Dqut 

Read 


BLOCK DIAGRAM 



*5 A 6 A 7 

©Q0 


O = PIN NUMBERS 
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5101, 51 OIL FAMILY 


Absolute Maximum Ratings * 

Ambient Temperature Under Bias.-10°C to 80°C 

Storage Temperature.-65°C to+150°C 

Voltage On Any Pin 

With Respect to Ground .... -0.3V to V cc +0.3V 

Maximum Power Supply Voltage. +7.0V 

Power Dissipation. 1 Watt 


* COM ME NT: 

Stresses above those fisted under "Absolute Maximum 
Rating ' may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex¬ 
tended periods may affect device reliability. 


D. C. and Operating Characteristics 

T A = 0°C to 70° C, Vcc = 5V ±5% unless otherwise specified. 


Symbol 

Parameter 

5101 (Except 5101-8) 
and 5101L Family 

Limits 

Min. Typ.U] Max. 

5101-8 Limits 

Min. Typ.Ul Max. 

Units 

Test Conditions 

l L |I2] 

Input Current 

5 

5 

nA 


M [21 

Output Leakage 
Current 

1 

2 

ma 

CE1 = 2.2 V, 

V OUT = 0 to Vcc 

•cci 

Operating Current 

9 22 

11 25 

mA 

Vin = V C c, Except 
CE1 < 0.65V, 
Outputs Open 

>CC2 

Operating Current 

13 27 

15 30 

mA 

V||\j = 2.2V, Except 
CE1 < 0.65V, 
Outputs Open 

•ccli [2] 

5101 and 5101-1 
Standby Current 

15 

— 

ma 

CE2 < 0.2V, 

Vcc = 5V ±5% 

<CCL2 [21 

5101-3 Standby 
Current 

1 200 

— 

mA 

CE2 < 0.2V, 

Vcc = 5V ±5% 

ICCL3^ 

5101-8 Standby 
Current 


10 50 

pA 

CE2 < 0.2V, 

V C c = 5V ±5%, 

T a = 25°C 

•CCL4 [2] 

5101-8 Standby 
Current 


500 

MA 

CE2 < 0.2V, 

Vcc = 5V ±5%, 

T a = 70°C 

V| L 

Input Low Voltage 

-0.3 0.65 

-0.3 0.65 

V 


V|H 

Input High Voltage 

2.2 V CC 

2.2 V CC 

V 


VOL 

Output Low Voltage 

0.4 

0.4 

V 

Iql = 2.0mA 

VqH 

Output High Voltage 

2.4 

2.4 

V 

Iqh = 1.0mA 


Low V cc Data Retention Characteristics (For 5101L, 5101L-1, and 5101L-3) T A = 0°C to 70°C 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

V DR 

Vcc ^o r Data Retention 

2.0 



V 



'CCDRI 

5101 L or 5101 L-1 

Data Retention Current 


0.14 

15 

pA 

CE2 < 0.2V 

V D r=2.0V 

>CCDR2 

5101 L-3 Data Retention 

Current 


0.7 

200 

PA 


V dr =2.0V 

^DR 

Chip Deselect to Data Retention 
Time 

0 



ns 



*R 

Operation Recovery Time 

tRC 131 



ns 




NOTES: 1. Typical values are T A = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in IcCL 
measurement. 3. tRc = Read Cycle Time. 
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5101, 51 OIL FAMILY 


Low Vcc Data Retention Waveform 


SUPPLY 
VOLTAGE (V cc ) 


CHIP ENABLE (CE2) 



(j) 4.75V 

(D Vqr 

® V, H 
@ 0.2V 


Typical Iccdr Vs. Temperature 



TEMPERATURE {°C) 


A.C. Characteristics T a = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise specified. 

READ CYCLE 


Symbol 

Parameter 

5101-1,5101L-1 
Limits (ns) 

Min. Max. 

5101,5101-3, 

5101L and 5101L-3 
Limits (ns) 

Min. Max. 

5101-8 

Limits (ns) 

Min. Max. 

*RC 

Read Cycle 

450 

650 

800 

tA 

Access Time 

450 

650 

800 

tcoi 

Chip Enable (CE 1) to Output 

400 

600 

800 

t C02 

Chip Enable (CE 2) to Output 

500 

700 

850 

tOD 

Output Disable to Output 

250 

350 

450 

f DF 

Data Output to High Z State 

0 130 

0 150 

0 200 

tOHI 

Previous Read Data Valid with 
Respect to Address Change 

0 

0 

0 

tOH2 

Previous Read Data Valid with 
Respect to Chip Enable 

0 

0 

0 


WRITE CYCLE 


twc 

Write Cycle 

450 

650 

800 

X A\N 

Write Delay 

130 

150 

200 

tcwi 

Chip Enable (CE 1) to Write 

350 

550 

650 

tCW2 

Chip Enable (CE 2) to Write 

350 

550 

650 

*DW 

Data Setup 

250 

400 

450 

*DH 

Data Hold 

50 

100 

100 

t w p 

Write Pulse 

250 

400 

450 

*WR 

Write Recovery 

50 

50 

100 

*DS 

Output Disable Setup 

130 

150 

200 


A. C. CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 

Input Pulse Rise and Fall Times: 20nsec 

Timing Measurement Reference Level: 1.5 Volt 

Output Load: 1 TTL Gate and C L - lOOpF 


Capacitance 12 V A = 25 °c, f = i mh z 


Symbol 

Test 

| Limits (pF) 

Typ. 

Max. 

C|N 

Input Capacitance 
(All Input Pins) Vin = 0V 

4 

8 

Qdut 

Output Capacitance Vqut = 0V 

8 

12 
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5101, 51 OIL FAMILY 


Waveforms 


READ CYCLE 


WRITE CYCLE 




DATA 

IN 



R W 



NOTES: 


1. Typical values are for T/\ = 25 c C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

3. OD may be tied low for separate I/O operation. 

4. During the write cycle, OD is "high” for common I/O and 
"don't care" for separate I/O operation. 




8212 

EIGHT-BIT INPUT/OUTPUT PORT 



Fully Parallel 8-Bit Data 
Register and Buffer 

Service Request Flip-Flop 
for Interrupt Generation 

Low Input Load Current — 
.25 mA Max. 

Three State Outputs 
Outputs Sink 15 mA 


3.65V Output High Voltage 
for Direct Interface to 8080 
CPU or 8008 CPU 

Asynchronous Register 
Clear 

Replaces Buffers, Latches 
and Multiplexers in Micro¬ 
computer Systems 

Reduces System Package 
Count 


The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the princi¬ 
pal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


PIN CONFIGURATION 



PIN NAMES 


Dli Die 

DATA IN 

DOi DO a 

DATA OUT 

osi ds 2 

DEVICE SELECT 

MD 

MODE 

STB 

STROBE 

INT 

t INTERRUPT (ACTIVE LOW) 

CLR 

[CLEAR (ACTIVE LOW) 


LOGIC DIAGRAM 

SERVICE REQUEST FF 
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8212 


Functional Description 

Data Latch 

The 8 flip-flops that make up the data latch are of a 
“D" type design. The output (Q) of the flip-flop will 
follow the data input (D) while the clock input (C) is 
high. Latching will occur when the clock (C) returns 
low. 

The d ata la tch is cleared by an asynchrono us re set 
input (CLR). (Note: Clock (C) Overides Reset (CLR).) 

Output Buffer 

The outputs of the data latch (Q) are connected to 
3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables the buffer to transmit the data from 
the outputs of the data latch (Q) or disables the 
buffer, forcing the output into a high impedance 
state. (3-state) 

This high-impedance state allows the designer to 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 

Control Logic 

The 8212 has control inputs DS1, DS2, MD and 
STB. These inputs are used to control device selec¬ 
tion, data latching, output buffer state and service 
request flip-flop. 

DS1, DS2 (Device Select) 

These 2 inputs are used for device selection. When 
DS1 is low and DS2 is high (DS1 • DS2) the device is 
selected. In the selected state the output buffer is 
enabled and the service request flip-flop (SR) is 
asynchronously set. 

MD (Mode) 

This input is used to control the state of the output 
buffer and to determine the source of the clock input 
(C) to the data latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (C) to the data 
latch is from the device selection logic (DS1 • DS2). 
When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 • 
DS2) and the source of clock (C) to the data latch is 
the.STB (Strobe) input. 

STB (Strobe) 

This input is used as the clock (C) to the data latch 
for the input mode MD = 0) and to synchronously 
reset the service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 


Service Request Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asyn¬ 
chronously set by the CLR input (active low). When 
the (SR) flip-flop is set it is in the non-interrupting 
state. 

The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a “NOR” gate. The other input 
to the “NOR” gate is non-inverting and is connected 
to the device selection logic (DS1 • DS2). The output 
of the “NOR” gate (FnT) is active low (interrupting 
state) for connection to active low input priority 
generating circuits. 


SERVICE REQUEST FF 



(NO EFFECT ON OUTPUT BUFFER) 
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8212 


Applications Of The 8212 — For Microcomputer Systems 


I Basic Schematic Symbol 

II Gated Buffer 

III Bi-Directional Bus Driver 

IV Interrupting Input Port 

V Interrupt Instruction Port 

VI Output Port 

I. Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics—(1) the top being the detailed view 
showing pin numbers, and (2) the bottom being the 
symbolic view showing the system input or output 


VII 8080 Status Latch 

VIII 8008 System 

IX 8080 System: 

8 Input Ports 
8 Output Ports 
8 Level Priority Interrupt 

as a system bus (bus containing 8 parallel lines). 
The output to the data bus is symbolic in referenc¬ 
ing 8 parallel lines. 


BASIC SCHEMATIC SYMBOLS 


INPUT DEVICE 


OUTPUT DEVICE 



(DETAILED) 


(SYMBOLIC) 



II. Gated Buffer ( 3 - STATE ) 

The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffer s ar e then enabled 
from the device selection logic DS1 and DS2. 

When the device selection logic is false, the outputs 
are 3-state. 

When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 milli amps. The minimum 
high output is 3.65 volts. 


GATED BUFFER 

3-STATE 


INPUT 
DATA 
(250 mA) 


GATING 
CONTROL - 
(DS1.DS2) 




r 

GND 




OUTPUT 
DATA 
(15mA) 
(3.65V MIN) 
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III. Bi-Directional Bus Driver 

A pair of 8212’s wired (back-to-back) can be used 
as a symmetrical drive, bi-directional bus driver. 
The devices are controlled by the data bus input 
control which is connected to DS1 on the first 8212 
and to DS2 on the second. One device is active, and 
acting as a straight through buffer the other is in 
3-state mode. This is a very useful circuit in small 
system design. 


BI-DIRECTIONAL BUS DRIVER 



IV. Interrupting Input Port 

This use of an 8212 is that of a system input port 
that accepts a strobe from the system input source, 
which in turn clears the service request flip-flop 
and interrupts the processor. The processor then 
goes through a service routine, identifies the port, 
and causes the device selection logic to go true — 
enabling the system input data onto the data bus. 


INTERRUPTING INPUT PORT 


DATA 



TO PRIORITY CKT 
(ACTIVE LOW) 

TO CPU 

INTERRUPT INPUT 


V. Interrupt Instruction Port 

The 8212 can be used to gate the interrupt instruc¬ 
tion, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt 
acknowledge signal from the microprocessor and 
from a port selection signal. This signal is normally 
tied to ground. (DS1 could be used to multiplex a 
variety of interrupt instruction ports onto a com¬ 
mon bus). 


INTERRUPT INSTRUCTION PORT 

V CC DATA 
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VI. Output Port (With Hand-Shaking) 

The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-shaking signal such as “reception of data” 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re¬ 
ception of data. The selection of th e port comes 
from the device selection logic. (DS1-DS2) 


OUTPUT PORT (WITH HAND-SHAKING) 


DATA 

BUS 


SYSTEM 

INTERRUPT 



OUTPUT STROBE 


SYSTEM OUTPUT 


SYSTEM RESET 


1 PORT 

r < LAT < 

J (DS1.I 


PORT SELECTION 
(LATCH CONTROL) 
DS2) 


VII. 8080 Status Latch 

Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con¬ 
nected to the DS2 input and the phase 1 signal is 
true, which is a TTL level coming from the clock 
generator; then, the status data will be latched into 
the 8212. 


Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 

It is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 


8080 STATUS LATCH 
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Absolute Maximum Ratings* 


Temperature Under Bias Plastic . . -65°C to +75°C 

Storage Temperature.-65 C C to +160°C 

All Output or Supply Voltages .... -0.5 to +7 Volts 

All Input Voltages.-1.0 to 5.5 Volts 

Output Currents.125 mA 


’COMMENT: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 


D.C. Characteristics 

T a = 0°C to +75°C Vcc = +5V ±5% 


Symbol Parameter 

Limits 

Min. Typ. Max. 

Unit Test Conditions 

l F Input Load Current 

ACK, DS 2 , OR, DIi-DL Inputs 

-.25 

mA V F = .45V 

If Input Load Current 

MD Input 

-.75 

mA V F = .45V 

l F Input Load Current 

DS, Input 

-1.0 

mA V F = .45V 

l R Input Leakage Current 

ACK, DS, CR, DI.-DIb Inputs 

10 

jik V R = 5.25V 

l R Input Leakage Current 

MO Input 

30 

u A V R = 5.25V 

l R Input Leakage Current 

DS, Input 

40 

/xA V R = 5.25V 

V c Input Forward Voltage Clamp 

-1 

V l c = —5 mA 

Vil Input “Low" Voltage 

.85 

V 

Vih Input “High" Voltage 

2.0 

V 

Vol Output “Low" Voltage 

.45 

V Iql = 15 mA 

V 0 H Output “High" Voltage 

3.65 4.0 

V Iqh = -1 mA 

l sc Short Circuit Output Current 

-15 -75 

> 

o 

ll 

o 

> 

< 

E 

jl 0 ; Output Leakage Current 

High Impedance State 

20 

[i A V 0 = .45V/5.25V 

Ice Power Supply Current 

90 130 

mA 
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A.C. Characteristics 

T a = 0°C to +75°C Vcc = +5V ± 5% 


Symbol 

Parameter 

Limits 

Min. Typ. Max. 

Unit 

Test Conditions 

tpw 

Pulse Width 

30 

ns 


tpd 

Data To Output Delay 

30 

ns 


U 

Write Enable To Output Delay 

40 

ns 


tset 

Data Setup Time 

15 

ns 


th 

Data Hold Time 

20 

ns 


t r 

Reset To Output Delay 

40 

ns 


ts 

Set To Output Delay 

30 

ns 


te 

Output Enable/Disable Time 

45 

ns 


tc 

Clear To Output Delay 

55 

ns 



CAPACITANCE* F = 1 MHz V„«> = 2.5V Vcc = +5V T. = 25°C 


Symbol 

Test 

LIMITS 

Typ. 

Max. 

C|N 

DS, MD Input Capacitance 

9 pF 

12 pF 

C|N 

DS;, CK, ACK, DI,-DI 8 

Input Capacitance 

5 pF 

9 pF 

CquT 

DOi-D0 8 Output Capacitance 

8 pF 

12 pF 


‘This parameter is sampled and not 100% tested. 


Switching Characteristics 

CONDITIONS OF TEST 

Input Pulse Amplitude = 2.5 V 

Input Rise and Fall Times 5 ns 

Between IV and 2V Measurements made at 1.5V 

with 15 mA & 30 pF Test Load 


TEST LOAD 
15mA & 30pF 



* INCLUDING JIG & PROBE CAPACITANCE 
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PROGRAMMABLE PERIPHERAL INTERFACE 


■ 24 Programmable I/O Pins 

■ Completely TTL Compatible 

■ Fully Compatible with MCS-80™ 
Microprocessor Families 

■ Improved Timing Characteristics 


■ Direct Bit Set/Reset Capability Easing 
Control Application Interface 

■ 40 Pin Dual-ln-Line Package 

■ Reduces System Package Count 

■ Improved DC Driving Capability 


The 8255A is a general purpose programmable I/O device designed for use with both the 8008 and 8080 microprocessors. It 
has 24 I/O pins which may be individually programmed in two groups of twelve and used in three major modes of operation. 
In the first mode (Mode 0), each group of twelve I/O pins may be programmed in sets of 4 to be input or output. In Mode 1, 
the second mode, each group may be programmed to have 8 lines of input or output. Of the remaining four pins three are 
used for handshaking and interrupt control signals. The third mode of operation (Mode 2) is a Bi-directional Bus mode 
which uses 8 lines for a bi-directional bus, and five lines, borrowing one from the other group, for handshaking. 

Other features of the 8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. This 
allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


PIN CONFIGURATION 


8255A BLOCK DIAGRAM 



PIN NAMES 


; °7-d 0 

DATA BUS (BI DIRECTIONAL) , 

RESET 

| RESET INPUT 


CS 

CHIP SELECT 

"'1 

RD 

READ INPUT 

_j 

WR 

| WRITE INPUT 


A0, A1 

' PORT ADDRESS 


PA7-PA0 

PORT A (BIT) 


PB7-PB0 

PORT B (BIT) 


PC7-PC0 

\ PORT C (BIT) 

“i 

V C c 

| +5 VOLTS 


! GND 

0 VOLTS 
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8255 BASIC FUNCTIONAL DESCRIPTION 
General 

The 8255 is a Programmable Peripheral Interface (PPI) de¬ 
vice designed for use in 8080 Microcomputer Systems. Its 
function is that of a general purpose I/O component to inter¬ 
face peripheral equipment to the 8080 system bus. The 
functional configuration of the 8255 is programmed by the 
system software so that normally no external logic is nec¬ 
essary to interface peripheral devices or structures. 

Data Bus Buffer 

This 3-state, bi-directional, eight bit buffer is used to inter¬ 
face the 8255 to the 8080 system data bus. Data is trans¬ 
mitted or received by the buffer upon execution of INput 
or OUTput instructions by the 8080 CPU. Control Words 
and Status information are also transferred through the Data 
Bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the 8080 CPU Address and 
Control busses and in turn, issues commands to both of the 
Control Groups. 

(CS) 

Chip Select: A "low" on this input pin enables the com¬ 
munication between the 8255 and the 8080 CPU. 


(RD) 

Read: A "low" on this input pin enables the 8255 to send 
the Data or Status information to the 8080 CPU on the 
Data Bus. In essence, it allows the 8080 CPU to "read from" 
the 8255. 

(WR) 

Write: A "low" on this input pin enables the 8080 CPU to 
write Data or Control words into the 8255. 

(Ao and Ai) 

Port Select 0 and Port Select 1: These input signals, in con¬ 
junction with the RD and WR inputs, control the selection of 
one of the three ports or the Control Word Register. They 
are normally connected to the least significant bits of the 
Address Bus (A Q and A 1 ). 


8255 BASIC OPERATION 


Ai 

A 0 

RD 

WR 

CS 

INPUT OPERATION (READ) 

0 

0 

0 

1 

0 

PORT A - DATA BUS 

0 

1 

0 

1 

0 

PORT B - DATA BUS 

1 

0 

0 

1 

0 

PORT C => DATA BUS 






OUTPUT OPERATION 
(WRITE) 

0 

0 

1 

0 

0 

DATA BUS — PORT A 

0 

1 

1 

0 

0 

DATA BUS - PORT B 

1 

0 

1 

0 

0 

DATA BUS - PORT C 

1 

1 

1 

0 

0 

DATA BUS - CONTROL 






DISABLE FUNCTION 

X 

X 

X 

X 

1 

DATA BUS - 3-STATE 

1 

1 

0 

1 

0 

ILLEGAL CONDITION 

X 

X 

1 

1 

_2_j 

DATA BUS-3-STATE 



8255 Block Diagram 
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(RESET) 

Reset: A "high” on this input clears all internal registers in¬ 
cluding the Control Register and all ports (A, B, C) are set 
to the input mode. 

Group A and Group B Controls 

The functional configuration of each port is programmed 
by the systems software. In essence, the 8080 CPU "out¬ 
puts” a control word to the 8255. The control word con¬ 
tains information such as "mode”, "bit set", "bit reset” 
etc. that initializes the functional configuration of the 8255. 

Each of the Control blocks (Group A and Group B) accepts 
"commands” from the Read/Write Control Logic, receives 
"control words” from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A — Port A and Port C upper (C7-C4) 
Control Group B — Port B and Port C lower (C3-C0) 

The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 


Ports A, B, and C 

The 8255 contains three 8-bit ports (A, B, and C). All can 
be configured in a wide variety of functional characteristics 
by the system software but each has its own special features 
or "personality" to further enhance the power and flexi¬ 
bility of the 8255. 

Port A: One 8-bit data output latch/buffer and one 8-bit 
data input latch. 

Port B: One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 

Port C: One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be di¬ 
vided into two 4-bit ports under the mode control. Each 4- 
bit port contains a 4-bit latch and it can be used for the 
control signal outputs and status signal inputs in conjunc¬ 
tion with Ports A and B. 


8255 BLOCK DIAGRAM 



PIN CONFIGURATION 


PA3C 

1 


40 

□ PA4 

PA2 C 

2 


39 

□ PA5 

PA 1 Q 

3 


38 

□ PA6 

PAO C 

4 


37 

□ PA7 

RD C 

5 


36 

□ WR 

esc 

6 


35 

□ RESET 

GND C 

7 


34 

□ d 0 

Aid 

8 


33 

□ d, 

AO C 

9 


32 

□ t>2 

PC7 C 

10 


31 

□ d, 

PC 6 C 

11 

8255 

30 

□ d 4 

PC5 C 

12 


29 

□d, 

PC4 C 

13 


28 

□ d 6 

pco C 

14 


27 

Dd, 

pci C 

IS 


26 

□ v cc 

PC2 C 

16 


25 

□ PB7 

PC3 C 

17 


24 

□ PB6 

PBO C 

18 


23 

□ PBS 

PB1 C 

19 


22 

□ PB4 

PB2 C 

20 


21 

□ PB3 


PIN NAMES 


o 7 —o 0 

DATA BUS (BI-DIRECTIONAL) 

RESET 

RESET INPUT 

CS 

CHIP SELECT 

RD READ INPUT 

WR 

WRITE INPUT 

A0, A1 

PORT ADDRESS 

PA7-PA0 

PORT A (BIT) 

PB7 PBO 

PORT B (BIT) 

PC7 PCO 

PORT C (BIT) 

Vcc 

-5 VOLTS 

GND 

0 VOLTS 
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8255 DETAILED OPERATIONAL DESCRIPTION 
Mode Selection 

There are three basic modes of operation that can be select¬ 
ed by the system software: 

Mode 0 — Basic Input/Output 

Mode 1 — Strobed Input/Output 

Mode 2 — Bi-Directional Bus 

When the RESET input goes “high" all ports will be set to 
the Input mode (i.e., all 24 lines will be in the high im¬ 
pedance state). After the RESET is removed the 8255 can 
remain in the Input mode with no additional initialization 
required. During the execution of the system program any 
of the other modes may be selected using a single OUTput 
instruction. This allows a single 8255 to service a variety of 
peripheral devices with a simple software maintenance rou¬ 
tine. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and PortB definitions. All of the output registers, in¬ 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu¬ 
tational results. Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 



MODE 1 —A B 








b 7 -pb 0 control control pa 7 -pa 0 

OR I/O OR I/O 


MODE 2 


-A. 


J^8j_BI-DIRECTIONAL 

PA 7 -PA q 


Basic Mode Definitions and Bus Interface 


CONTROL WORD 



Mode Definition Format 


The Mode definitions and possible Mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical I/O approach 
will surface. The design of the 8255 has taken into account 
things such as efficient PC board layout, control signal defi¬ 
nition vs PC layout and complete functional flexibility to 
support almost any peripheral device with no external logic. 
Such design represents the maximum use of the available 
pins. 


Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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CONTROL WORD 



Bit Set/Reset Format 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op¬ 
eration just as if they were data output ports. 

Interrupt Control Functions 

When the 8255 is programmed to operate in Mode 1 or 
Mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the Bit set/reset function of Port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip-flop definition: 

(BIT-SET) — INTE is SET — Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 


Operating Modes 

Mode 0 (Basic Input/Output) 

This functional configuration provides simple Input and 
Output operations for each of the three ports. No ''hand¬ 
shaking" is required, data is simply written to or read from 
a specified port. 


Mode 0 Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configurations are possible 
in this Mode. 



WR ^ 

•* -*WW- 

V 7 

■* -\VD-► 

*- l DW -► 

d 7 -d 0 

X " 

X 

U- - ■ ■ t AW ■ *- 


■*- -*WA-*■ 

CS.A1.A0 

'zxn 



OUTPUT 

> 

f 


-m -'WB-► 



Mode 0 (Basic Output) 
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MODE 0 PORT DEFINITION CHART 


A 

B 

GROUP A 


GROUP B 

d 4 

D 3 

Dl 

D 0 

PORT A 

PORT C 

(UPPER) 

# 

PORT B 

PORT C 

(LOWER) 

0 

0 

0 

0 

OUTPUT 

OUTPUT 

0 

OUTPUT 

OUTPUT 

0 

0 

0 

1 

OUTPUT 

OUTPUT 

1 

OUTPUT 

INPUT 

0 

0 

1 

0 

OUTPUT 

OUTPUT 

2 

INPUT 

OUTPUT 

0 

0 

1 

1 

OUTPUT 

OUTPUT 

3 

INPUT 

INPUT 

0 

1 

0 

0 

OUTPUT 

INPUT 

4 

OUTPUT 

OUTPUT 

0 

1 

0 

1 

OUTPUT 

INPUT 

5 

OUTPUT 

INPUT 

0 

1 

1 

0 

OUTPUT 

INPUT 

6 

INPUT 

OUTPUT 

0 

1 

1 

1 

OUTPUT 

INPUT 

7 

INPUT 

INPUT 

1 

0 

0 

0 

INPUT 

OUTPUT 

8 

OUTPUT 

OUTPUT 

1 

0 

0 

1 

INPUT 

OUTPUT 

9 

OUTPUT 

INPUT 

1 

0 

1 

0 

INPUT 

OUTPUT 

10 

INPUT 

OUTPUT 

1 

0 

1 

1 

INPUT 

OUTPUT 

11 

INPUT 

INPUT 

1 

1 

0 

0 

INPUT 

INPUT 

12 

OUTPUT 

OUTPUT 

1 

1 

0 

1 

INPUT 

INPUT 

13 

OUTPUT 

INPUT 

1 

1 

1 

0 

INPUT 

INPUT 

14 

INPUT 

OUTPUT 

1 

1 

1 

1 

INPUT 

INPUT 

15 

INPUT 

INPUT 


MODE 0 CONFIGURATIONS 


CONTROL WORD *0 

^7 D 6 *"*5 D 4 D 3 D 2 D, D 0 


1 0 0 0 0 0 0 0 


CONTROL WORD #2 

D 7 D 6 D S D 4 D 3 D 2 D 1 D 0 

|i|o|o|o|o|o|i |o 



CONTROL WORD #1 

°7 P 6 P 5 P 4 P 3 P 2 D 1 D 0 

|i|o|o|o|o|o|o|i 


pa 7 -pa 0 

pc 7 -pc 4 

PC 3 -PC 0 



PA.-PA,, 

PC 7 -PC 4 

PC 3 -PC 0 

pb 7 -pb 0 


CONTROL WORD #3 

D 7 °6 °5 °4 D 3 °2 D 1 D 0 

|i|o|o|o|o|o|i |l 



PA 7 'PAfl 

PC 7 -PC 4 

PC 3 -PC 0 



PAy-PAo 


pc 7 -pc 4 


pc 3 -pc 0 

PBy-PB,, 
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Operating Modes Mode 1 Basic Functional Definitions: 

Mode 1 (Strobed Input/Output) * Tw0 Groups (Group A and Group B) 

• Each group contains one 8-bit data port and one 4-bit 

This functional configuration provides a means for trans- control/data port. 

ferring I/O data to or from a specified port in conjunction • The 8-bit data port can be either input or output, 

with strobes or "handshaking" signals. In Mode 1, Port A Both inputs and outputs are latched, 

and Port B use the lines on Port C to generate or accept • The 4-bit port is used for control and status of the 

these "handshaking" signals. 8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one^' and INTE is a "one". 

It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 

INTE A 

Controlled by bit set/reset of PC 4 . 

INTE B 

Controlled by bit set/reset of PC 2 . 

Mode 1 Input 



Mode 1 (Strobed Input) 


MODE 1 (PORT A) 
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Output Control Signal Definition 

OBF (Output Buffer Full F/F) 

The OBF output will go "low" to indicate that the CPU has 
written data out to the specified port. The OBF F/F will be 
set by the rising edge of the WR input and reset by ACK 
input being low. 

ACK (Acknowledge Input) 

A "low" on this input informs the 8255 that the data from 
Port A or Port B has been accepted. In essence, a response 
from the peripheral device indicating that it has received 
the data output by the CPU. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an output device has accepted data transmitted by the 
CPU. INTR is set by ACK is a "one", OBF is a "one" 

and_[NTE is a "one". It is reset by the falling edge 

of WR. 


INTE A 

Controlled by bit set/reset of PCg. 

INTE B 

Controlled by bit set/reset of PC 2 . 


MODE 1 (PORTA) 



Mode 1 Output 



Mode 1 (Strobed Output) 
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Combinations of Mode 1 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 



PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 



PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 


Operating Modes 

Mode 2 (Strobed Bi-Directional Bus I/O) 

This functional configuration provides a means for com¬ 
municating with a peripheral device or structure on a single 
8 -bit bus for both transmitting and receiving data (bi-direc¬ 
tional bus I/O). "Handshaking" signals are provided to main¬ 
tain proper bus flow discipline in a similar manner to Mode 
1. Interrupt generation and enable/disable functions are 
also available. 

Mode 2 Basic Functional Definitions: 

• Used in Group A only . 

• One 8 -bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

• Both inputs and outputs are latched. 

• The 5-bit control port (Port C) is used for control 
and status for the 8 -bit, bi-directional bus port (Port 
A). 

Bi-Directional Bus I/O Control Signal Definition 

INTR (Interrupt Request) 

A high on this output can be used to interrupt the CPU for 
both input or output operations. 


Output Operations 

OBF (Output Buffer Full) 

The OBF output will go "low" to indicate that the CPU has 
written data out to Port A. 

ACK (Acknowledge) 

A "low" on this input enables the tri-state output buffer of 
Port A to send out the data. Otherwise, the output buffer 
will be in the high-impedance state. 

INTE 1 (The INTE Flip-Flop associated with OBF) 
Controlled by bit set/reset of PCg. 

Input Operations 

STB (Strobe Input) 

A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that data has been loaded 
into the input latch. 

INTE 2 (The INTE Flip-Flop associated with IBF) 

Controlled by bit set/reset of PC 4 . 
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CONTROL WORD 
5 °4 D 3 D 2 D, D 0 


1 = INPUT 
0 = OUTPUT 


■ PORT B 
1 = INPUT 
0 = OUTPUT 


- GROUP B MODE 
0= MODE 0 
1 = MODE 1 



Mode 2 Control Word 


PERIPHERAL 

BUS 


DATA FROM 
/ 8080 TO 8255 







--Vs-~ 


- w, ADh* - -H ( KD 

-< 

; _ 

□ 


—“i ^ r 

7 

— 



Mode 2 (Bi-directional] 


DATA FROM 
PERIPHERAL TO 8255 


DATA FROM 
8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 

(INTR = IBF • MASK • STB • RC) + OBF • MASK • ACK • WR ) 









MODE 2 AND MODE 0 (INPUT) 


MODE 2 AND MODE 0 (OUTPUT) 



Mode 2 Combinations 
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MODE DEFINITION SUMMARY TABLE 



MODE 0 | 



OUT 

PA 0 

IN 

OUT 

PAi 

IN 

OUT 

pa 2 

IN 

OUT 

pa 3 

IN 

OUT 

pa 4 

IN 

OUT 

pa 5 

IN 

OUT 

pa 6 

IN 

OUT 

pa 7 

IN 

OUT 

PB 0 

IN 

OUT 

pbi 

IN 

OUT 

pb 2 

IN 

OUT 

pb 3 

IN 

OUT 

pb 4 

IN 

OUT 

pb 5 

IN 

OUT 

pb 6 

IN 

OUT 

pb 7 

IN 

OUT 

PC 0 

IN 

OUT 

PCi 

IN 

OUT 

PC 2 

IN 

OUT 

PC 3 

IN 

OUT 

PC 4 

IN 

OUT 

PC 5 

IN 

OUT 

PC 6 

IN 

OUT 

PC 7 

IN 

OUT 


MODE 1 | 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

OUT 

INTR b 

intr b 

IBF b 

obf b 

stb b 

ack b 

intr a 

intr a 

stb a 

I/O 

ibf a 

I/O 

I/O 

ack a 

I/O 

OBFa 


MODE 2 


GROUP A ONLY 



I/O 

I/O 

I/O 

intr a 

STBa 

ibf a 

ack a 

OBFa 


MODE 0 
OR MODE 1 
ONLY 


Special Mode Combination Considerations 

There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs — 

All input lines can be accessed during a normal Port C 
read. 

If Programmed as Outputs - 

Bits in C upper (PC7-PC4) must be individually accessed 
using the bit set/reset function. 

Bits in C lower (PC 3 -PC 0 ) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

Reading Port C Status 

In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts "hand-shaking” signals 
with the peripheral device. Reading the contents of Port C 


allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa¬ 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 


INPUT CONFIGURATION 


d 7 d 6 d 5 d 4 d 3 d 2 d, d 0 



Mode 1 Status Word Format 



GROUP A GROUP B 

(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Mode 2 Status Word Format 
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APPLICATIONS OF THE 8255 

The 8255 is a very powerful tool for interfacing peripheral 
equipment to the 8080 microcomputer system. It represents 
the optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for ad¬ 
ditional external logic. 

Each peripheral device in a Microcomputer system usually 
has a “service routine" associated with it. The routine man¬ 
ages the software interface between the device and the CPU. 
The functional definition of the 8255 is programmed by the 
I/O service routine and becomes an extension of the sys¬ 
tems software. By examining the I/O devices interface char¬ 
acteristics for both data transfer and timing, and matching 
this information to the examples and tables in the Detailed 
Operational Description, a control word can easily be de¬ 
veloped to initialize the 8255 to exactly "fit" the applica¬ 
tion. Here are a few examples of typical applications of the 
8255. 


INTERRUPT 
REQUEST " 


PC 3 

PA 0 


P Al 


pa 2 


pa 3 


pa 4 


PA 5 

MODE 1 
(OUTPUT) 

pa 6 


p A ? 


p c 7 


PC 6 


p C 5 


_PC 4 

8255 

r P B 0 


PB 1 


pb 2 


pb 3 


PB 4 

MODE 1 

PB 5 

(OUTPUT) 



PB 7 


PC, 


_PC 2 

p c 0 



INTERRUPT 

REQUEST 


3 


DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 


DATA READY 
ACK 


HIGH-SPEED 

PRINTER 


HAMMER 

RELAYS 


DATA READY 
ACK 

PAPER FEED 

FORWARD/REV 

RIBBON 

CARRIAGE SEN. 


CONTROL LOGIC AND DRIVERS 


Printer Interface 


INTERRUPT 

REQUEST 


3 


p C 3 

p A 0 

8255 

PA, 


pa 2 


pa 3 


pa 4 


PA 5 

MODE 1 
(INPUT) “! 

pa 6 


pa 7 


pc 4 


_PC 5 


r pB o 


1 PB, 


j PB 2 


| PB 3 


PB 4 


1 PB S 

MODE 1 
(OUTPUT) 

PB 6 


! pb 7 


PC, 


PC 2 


PC 6 

p c„ 

-PC 7 


INTERRUPT 

REQUEST 


3 


FULLY 

DECODED 

KEYBOARD 


SHIFT 

CONTROL 


STROBE 

ACK 


BURROUGHS 

SELF-SCAN 

DISPLAY 


BACKSPACE 

CLEAR 

DATA READY 
ACK 

BLANKING 
CANCEL WORD 


Keyboard and Display Interface 


INTERRUPT 

REQUEST 


3 


PC 3 

'PAo 


PA, 


pa 2 

MODE 1 

pa 3 

(INPUT) 

pa 4 


PA 5 


pa 6 

8255 



pa 7 


pc 4 


PCs 


PC 6 


PC 7 


~ PB o 


PB 1 


PB 2 

MODE 0 

PB 3 

(INPUT) 

PB 4 


PB 5 


PB 6 


pb 7 


FULLY 

DECODED 

KEYBOARD 


SHIFT 

CONTROL 

STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 


-CT 

-<r' 
-cT' 


3>— 
~ 3- 
~ "o- 
~ 3 >- 

—<?' " ^O— 


TERMINAL 

ADDRESS 


Keyboard and Terminal Address Interface 
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INTERRUPT 

REQUEST 



r pA o 


PA, 


pa 2 


pa 3 


pa 4 

MODE 0 

PA 5 

(OUTPUT) 

pa 6 


p A ? 


p c 4 


p c 5 


PC 6 

8255 

PC 7 


~ PC o 


p C, 

BIT 


SET/RESET 



p c 2 


_ PC 3 


_PB 0 


PB 1 


p B 2 

MODE 0 

PB 3 

(INPUT) 

p B 4 


PB 5 


PB 6 


PB 7 


12-BIT 

D-A 

CONVERTER 

(DAC) 


STB DATA 
OUTPUT EN 


- ANALOG OUTPUT 


SAMPLE EN 
STB 


LSB 

8-BIT 

A-D 

CONVERTER 

(ADC) 


- ANALOG INPUT 


n 


p C 3 

PA 0 


PAi 


pa 2 


pa 3 


pa 4 


pa 5 

MODE 2 - 

pa 6 


pa 7 


p c 4 


p C 5 


p c 7 


L p c 6 

8255 



p c 2 


p C 0 


PC 1 


PB 0 


PBt 


pb 2 

MODE 0 

pb 3 

(OUTPUT) 

pb 4 


PBs 


pb 6 


_pb 7 


FLOPPY DISK 
CONTROLLER 
AND DRIVE 


DATA STB 
ACK (IN) 

DATA READY 
ACK (OUT) 

TRACK "0" SENSOR 
SYNC READY 
INDEX 


ENGAGE HEAD 
FORWARD/REV. 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLECRC 
TEST 
BUSY LT 


Digital to Analog, Analog to Digital 


Basic Floppy Disc Interface 


INTERRUPT 

REQUEST 


n 


INTERRUPT 

REQUEST 


pc 3 

PA, 


pa 2 


pa 3 


PA 4 


PA 5 

MODE 1 

pa 6 

(OUTPUT) ~| 

PA 7 

| 

p c 7 


PC 6 


PC 5 

8255 

p C 4 


■ p c 2 


p c, 


PC 0 


PB 0 

MODE 0 _ 

PB 1 

(OUTPUT)” 

' PB 2 


! pb 3 


! pb 4 


PB 5 


PB 6 


L PB 7 


CRT CONTROLLER 

• CHARACTER GEN. 

• REFRESH BUFFER 

• CURSOR CONTROL 


SHIFT 

CONTROL 

DATA READY 
ACK 

BLANKED 

BLACK/WHITE 


ROW STB 
COLUMN STB 
CURSOR HA/STB 


CURSOR/ROW/COLUMN 
[— ADDRESS 
H 8t V 


PC 3 

PA 0 


PA 1 


pa 2 


pa 3 


PA 4 

MODE 1 
(INPUT) 

pa 5 

pa 6 

PA 7 


p c 4 


PCs 


p c e 

8255 


MODE 0 
(INPUT) 

~PC 0 

PC, 

PC 2 


PB 0 


PB 1 


PB 2 

MODE 0 

PB 3 

(OUTPUT) ~ 

PB 4 


PB 5 


PB 6 


PB 7 


R 0 


R 1 



8 LEVEL 


PAPER 

R 3 

TAPE 

R 4 

READER 

R 5 


R 6 


R 7 


STB 


aCk 




MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 


CHANGE TOOL 

LEFT/RIGHT 

UP/DOWN 

HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 
FLUID ENABLE 
EMERGENCY STOP 


Basic CRT Controller Interface 


Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.0°C to 70 C 

Storage Temperature.—65 C to+150 C 

Voltage on Any Pin 

With Respect to Ground.—0.5V to +7V 

Power Dissipation.1 Watt 


* COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera¬ 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi¬ 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS t a = o°c to 70 °c, v cc = + 5 V ± 5 %; gnd = ov 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

Vil 

Input Low Voltage 

-0.5 

0.8 

V 


V| H 

Input High Voltage 

2.0 

V CC 

V 


lOL(DB) 

Output Low Current (Data Bus) 

2.5 


mA 

Vql = 0.45V 

Iol(PER) 

Output Low Current (Peripheral Port) 

1.7 


mA 

V 0L = 0.45V 

Ioh(DB) 

Output High Current (Data Bus) 

-400 


pA 

V 0H = 2.4V 

l 0 H (PER) 

Output High Current (Peripheral Port) 

-200 


pA 

V 0H = 2.4V 

Idar [1] 

Darlington Drive Current 

- 1.0 

-4.0 

mA 

Rbct = 750J2; Vext = 1.5V 

•cc 

Power Supply Current 

- . _ - . . . _ - | 


120 

mA 


l|L 

Input Leakage 


10 

pA 

O 

£ 

II 

z 

> 

■OFL 

Output Float Leakage 


10 

pA 

v 0 ut = gnd +0.45, v cc 


Note: 1. Adaptable on any 8 pins from Ports Band C. 


CAPACITANCE t a = 25°C; v C c = gnd = ov 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

TEST CONDITIONS 

C IN 

Input Capacitance 



10 

pF 

fc = 1MHz 

C|/0 

I/O Capacitance 



20 

pF 

Unmeasured pins returned to GND 


TEST LOAD CIRCUIT (FOR DB) 


| D.U.T. | 


750f2 

VA 


1 


o Vpxt* 


lOOpF 



• V^ IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE SPECIFICATION. 
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A.C. CHARACTERISTICS t a = o°c to 70 °C; v cc = +5V ±5 %; gnd = ov 

BUS PARAMETERS: 

READ: 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AR 

Address Stable Before READ 

0 


ns 


*RA 

Address Stable After READ 

0 


ns 


*RR 

READ Pulse Width 

300 


ns 


tRD 

Data Valid From READ 


250 

ns 

CL = 100 pF 

*DF 

Data Float After READ 


150 

ns 

CL = 100 pF 



10 


ns 

CL = 15 pF 

tRV 

Time Between READS and/or WR ITES 

850 


ns 



WRITE: 


tAW 

Address Stable Before WR ITE 

0 


ns 


tWA 

Address Stable After WR ITE 

20 


ns 


t W W 

WRITE Pulse Width 

400 


ns 


*DW 

Data Valid To WRITE (T.E.) 

100 


ns 


*WD 

Data Valid After WRITE 

30 


ns 



OTHER TIMINGS: 


*WB 

WR=1 To Output 


350 

ns 

CL = 100 pF 

t|R 

Peripheral Data Before RD 

0 


ns 


f HR 

Peripheral Data After RD 

0 


ns 


*AK 

ACK Pulse Width 

300 


ns 


tST 

STB Pulse Width 

500 


ns 


tps 

Per. Data Before T.E. Of STB 

0 


ns 


tPH 

Per. Data After T.E. Of STB 

180 


ns 


*AD 

ACK=0 To Output 


400 

ns 

CL = 100 pF 

*KD 

ACK=1 To Output Float 

20 

250 

ns 

CL = 100 pF 

CL = 1 5 pF 

tWOB 

WR=1 To OBF=0 


650 

ns 

CL = 100 pF 

*AOB 

ACK=0 To OBF=1 


350 

ns 

CL = 100 pF 

tSIB 

STB=0 To IBF=1 


300 

ns 

CL = 100 pF 

tRIB 

RD=1 To IBF=0 


300 

ns 

CL = 100 pF 

tRIT 

RD=0 To INTR=0 


400 

ns 

CL = 100 pF 

fSIT 

STB=1 To INTR=1 


300 

ns 

CL = 100 pF 

X A\T 

ACK=1 To INTR=1 


350 

ns 

CL = 100 pF 

X \N\T 

WR=0 ToINTR=0 


850 

ns 

CL = 100 pF 


Note: Period of Reset pulse must be at least 50/us during or after power on. 
Subsequent Reset pulse can be 500 ns min. 
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Mode 0 (Basic Input) 



Mode 0 (Basic Output) 
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Mode 2 (Bi-directional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 

(INTR = IBF • MASK • STB • RD+ OBF • MASK • ACK • WR ) 
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8251 

PROGRAMMABLE COMMUNICATION INTERFACE 


■ Synchronous and Asynchronous ■ 

Operation 

■ Synchronous: ■ 

5-8 Bit Characters 
Internal or External Character 

Synchronization ■ 

Automatic Sync Insertion 

■ Asynchronous: ■ 

5-8 Bit Characters m 

Clock Rate — 1,16 or 64 Times 

Baud Rate ■ 

Break Character Generation 
1, IV 2 , or 2 Stop Bits 

False Start Bit Detection ■ 


Baud Rate —DC to 56k Baud (Sync Mode) 
DC to 9.6k Baud (Async Mode) 
Full Duplex, Double Buffered, 

Transmitter and Receiver 

Error Detection — Parity, Overrun, 
and Framing 

Fully Compatible with 8080 CPU 
28-Pin DIP Package 

All Inputs and Outputs Are 
TTL Compatible 

Single 5 Volt Supply 
Single TTL Clock 


The 8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data communications 
in microcomputer systems. The USART is used as a peripheral deviceand is programmed by the CPU to operate using virtually 
any serial data transmission technique presently in use (including IBM Bi-Sync). The USART accepts data characters from the 
CPU in parallel format and then converts them into a continuous serial data stream for transmission. Simultaneously it can 
receive serial data streams and convert them into parallel data characters for the CPU. The USART will signal the CPU 
whenever it can accept a new character for transmission or whenever it has received a character for the CPU. The CPU can read 
the complete status of the USART at any time. These include data transmission errors and control signals such as SYNDET, 
TxEMPT. The chip is constructed using N-channel silicon gate technology. 


PIN CONFIGURATION 


BLOCK DIAGRAM 
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8251 BASIC FUNCTIONAL DESCRIPTION 
General 

The 8251 is a Universal Synchronous/Asynchronous Re¬ 
ceiver/Transmitter designed specifically for the 8080 Micro¬ 
computer System. Like other I/O devices in the 8080 Micro¬ 
computer System its functional configuration is programmed 
by the systems software for maximum flexibility. The 8251 
can support virtually any serial data technique currently 
in use (including IBM "bi-sync"). 

In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8251 to the 8080 system Data Bus. Data is transmitted 
or received by the buffer upon execution of INput or OUT- 
put instructions of the 8080 CPU. Control words. Command 
words and Status information are also transferred through 
the Data Bus Buffer. 

Read/Write Control Logic 

This functional block accepts inputs from the 8080 Control 
bus and generates control signals for overall device operation. 
It contains the Control Word Register and Command Word 
Register that store the various control formats for device 
functional definition. 

RESET (Reset) 

A "high" on this input forces the 8251 into an "Idle" mode. 
The device will remain at "Idle" until a new set of control 
words is written into the 8251 to program its functional 
definition. Minimum RESET pulse width is 6 tcY- 

CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter clock in¬ 
puts for synchronous mode (4.5 times for asynchronous 
mode). 

WR (Write) 

A "low" on this input informs the 8251 that the CPU is 
outputting data or control words, in essence, the CPU is 
writing out to the 8251. 

RD (Read) 

A "low" on this input informs the 8251 that the CPU is in¬ 
putting data or status information, in essence, the CPU is 
reading from the 8251. 


C/D (Control/Data) 

This input, in conjunction with the WR and RD inputs in¬ 
forms the 8251 that the word on the Data Bus is either a 
data character, control word or status information. 

1=CONTROL 0 = DATA 

CS (Chip Select) 

A "low" on this input enables the 8251. No reading or writ¬ 
ing will occur unless the device is selected. 



C/D 

RD 

WR 

CS 


0 

0 

1 

0 

8251 => DATA BUS 

0 

1 

0 

0 

DATA BUS =* 8251 

1 

0 

1 

0 

STATUS => DATA BUS 

1 

1 

0 

0 

DATA BUS => CONTROL 

X 

1 

1 

0 

DATA BUS => 3-STATE 

X 

X 

X 

1 

DATA BUS => 3-STATE 
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Modem Control 

The 8251 has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. 
The modem control signals are general purpose in nature 
and can be used for functions other than Modem control, 
if necessary. 

DSR (Data Set Ready) 

The DSR input signal is general purpose in nature. Its con¬ 
dition can be tested by the CPU using a Status Read opera¬ 
tion. The DSR input is normally used to test Modem con¬ 
ditions such as Data Set Ready. 

DTR (Data Terminal Ready) 

The DTR output signal is general purpose in nature. It can 
be set "low" by programming the appropriate bit in the 
Command Instruction word. The DTR output signal is norm¬ 
ally used for Modem control such as Data Terminal Ready 
or Rate Select. 

RTS (Request to Send) 

The RTS output signal is general purpose in nature. It can 
be set "low" by programming the appropriate bit in the 
Command Instruction word. The RTS output signal is norm¬ 
ally used for Modem control such as Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251 to transmit data 
(serial) if the Tx EN bit in the Command byte is set to a 
"one." 

Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the ap¬ 
propriate characters or bits (based on the communication 
technique) and outputs a composite serial stream of data on 
the TxD output pin. 

Transmitter Control 

The Transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is ready 
to accept a data character. It can be used as an interrupt to 
the system or for the Polled operation the CPU can check 
TxRDY using a status read operation. TxRDY is automatic¬ 
ally reset when a character is loaded from the CPU. 


TxE (Transmitter Empty) 

When the 8251 has no characters to transmit, the TxE out¬ 
put will go "high". It resets automatically upon receiving a 
character from the CPU. TxE can be used to indicate the 
end of a transmission mode, so that the CPU "knows" when 
to "turn the line around" in the half-duplexed operational 
mode. TxE is independent of the TxEN bit in the 
Command instruction. 

In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac¬ 
ter or characters are about to be transmitted automatically 
as "fillers". TxE goes low as soon as the SYNC is being 
shifted out. 



TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the char¬ 
acter is to be transmitted. In the Synchronous transmission 
mode, the frequency of TxC is equal to the actual Baud 
Rate (IX). In Asynchronous transmission mode, the fre¬ 
quency of TxC is a multiple of the actual Baud Rate. A 
portion of the mode instruction selects the value of the 
multiplier; it can be lx, 16x or 64x the Baud Rate. 

For Example: 

If Baud Rate equals 110 Baud, 

TxC equals 110 Hz (lx) 

TxC equals 1.76 kHz (16x) 

TxC equals 7.04 kHz (64x). 

The falling edge of TxC shifts the serial data out of the 
8251. 
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Receiver Buffer 

The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
"assembled" character to the CPU. Serial data is input to 
the RxD pin. 

Receiver Control 

This functional block manages all receiver-related activities. 

RxRDY (Receiver Ready) 

This output indicates that the 8251 contains a character that 
is ready to be input to the CPU. RxRDY can be connected 
to the interrupt structure of the CPU or for Polled opera¬ 
tion the CPU can check the condition of RxRDY using a 
status read operation. RxRDY is automatically reset when 
the character is read by the CPU. 

RxC (Receiver Clock) 

The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the frequency of 
RxC is equal to the actual Baud Rate (lx). In Asynchronous 
Mode, the frequency of RxC is a multiple of the actual 
Baud Rate. A portion of the mode instruction selects the 
value of the multiplier; it can be lx, 16x or 64x the Baud 
Rate. 

For Example: If Baud Rate equals 300 Baud, 

RxC equals 300 Hz (lx) 

RxC equals 4800 Hz (16x) 

RxC equals 19.2 kHz (64x). 

If Baud Rate equals 2400 Baud, 

RxC equals 2400 Hz (lx) 

RxC equals 38.4 kHz (16x) 

RxC equals 153.6 kHz (64x). 

Data is sampled into the 8251 on the rising edge of RxC. 

NOTE: In most communications systems, the 8251 will be 
handling both the transmission and reception operations of 
a single link. Consequently, the Receive and Transmit Baud 
Rates will be the same. Both TxC and RxC will require iden¬ 
tical frequencies for this operation and can be tied together 
and connected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 

SYNDET (SYNC Detect) 

This pin is used in SYNChronous Mode only. It is used as 
either input or output, programmable through the Control 
Word. It is reset to "low" upon RESET. When used as an 
output (internal Sync mode), the SYNDET pin will go 
"high" to indicate that the 8251 has located the SYNC 
character in the Receive mode. If the 8251 is programmed 
to use double Sync characters (bi-sync), then SYNDET will 
go "high" in the middle of the last bit of the second Sync 
character. SYNDET is automatically reset upon a Status 
Read operation. 


When used as an input, (external SYNC detect mode), a 
positive going signal will cause the 8251 to start assembling 
data characters on the falling edge of the next RxC. Once 
in SYNC, the "high" input signal can be removed. The dura¬ 
tion of the high signal should be at least equal to the period 
of RxC. 



8251 Interface to 8080 Standard System Bus 



.TxRDY 


READ/WRITE 

CONTROL 

LOGIC 


TRANSMIT 

CONTROL 


RECEIVE 

BUFFER 

(S-P) 


MODEM 

CONTROL 


.RxRDY 


RECEIVE 

CONTROL 


INTERNAL 
DATA BUS 


SYNDET 


DATA A—K 

1-N TRANSMIT 

) BUS ( ) 

> BUFFER 

BUFFER \J-^ 

1 1/ (P-S) 
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DETAILED OPERATION DESCRIPTION 
General 

The complete functional definition of the 8251 is program¬ 
med by the systems software. A set of control words must 
be sent out by the CPU to initialize the 8251 to support the 
desired communications format. These control words will 
program the: BAUD RATE, CHARACTER LENGTH, 
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH¬ 
RONOUS OPERATION, EVEN/ODD PARITY etc. In the 
Synchronous Mode, options are also provided to select either 
internal or external character synchronization. 

Once programmed, the 8251 is ready to perform its com¬ 
munication functions. The TxRDY output is raised “high" 
to signal the CPU that the 8251 is ready to receive a char¬ 
acter. This output (TxRDY) is reset automatically when the 
CPU writes a character into the 8251. On the other hand, 
the 8251 receives serial data from the MODEM or I/O de¬ 
vice, upon receiving an entire character the RxRDY output 
is raised “high" to signal the CPU that the 8251 has a com¬ 
plete character ready for the CPU to fetch. RxRDY is reset 
automatically upon the CPU read operation. 

The 8251 cannot begin transmission until the TxEN (Trans¬ 
mitter Enable) bit is set in the Command Instruction and 
it has received a Clear To Send (CTS) input. TheTxD out¬ 
put will be held in the marking state upon Reset. 

Programming the 8251 

Prior to starting data transmission or reception, the 8251 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func¬ 
tional definition of the 8251 and must immediately follow 
a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 

2. Command Instruction 

Mode Instruction 

This format defines the general operational characteristics 
of the 8251. It must follow a Reset operation (internal or 
external). Once the Mode instruction has been written into 
the 8251 by the CPU, SYNC characters or Command in¬ 
structions may be inserted. 

Command Instruction 

This format defines a status word that is used to control 
the actual operation of the 8251. 

Both the Mode and Command instructions must conform to 
a specified sequence for proper device operation. The Mode 
Instruction must be inserted immediately following a Reset 
operation, prior to using the 8251 for data communication. 


All control words written into the 8251 after the Mode In¬ 
struction will load the Command Instruction. Command In¬ 
structions can be written into the 8251 at any time in the 
data block during the operation of the 8251. To return to 
the Mode Instruction format a bit in the Command Instruc¬ 
tion word can be set to initiate an internal Reset operation 
which automatically places the 8251 back into the Mode 
Instruction format. Command Instructions must follow the 
Mode Instructions or Sync characters. 



•The second SYNC character is skipped if MODE instruction 
has programmed the 8251 to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251 to ASYNC mode. 


Typical Data Block 
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Mode Instruction Definition 

The 8251 can be used for either Asynchronous or Synchro¬ 
nous data communication. To understand how the Mode 
Instruction defines the functional operation of the 8251 the 
designer can best view the device as two separate components 
sharing the same package. One Asynchronous the other 
Synchronous. The format definition can be changed "on 
the fly" but for explanation purposes the two formats will 
be isolated. 

Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 8251 
automatically adds a Start bit (low level) and the program¬ 
med number of Stop bits to each character. Also, an even 
or odd Parity bit is inserted prior to the Stop bit(s), as de¬ 
fined by the Mode Instruction. The character is then trans¬ 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 

When no data characters have loaded into the 8251 the 
TxD output remains "high" (marking) unless a Break (con¬ 
tinuously low) has been programmed. 

Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom¬ 
inal center. If a low is detected again, it is a valid START 
bit, and the bit counter will start counting. The bit counter 
locates the center of the data bits, the parity bit (if it ex¬ 
ists) and the stop bits. If parity error occurs, the parity er¬ 
ror flag is set. Data and parity bits are sampled on the RxD 
pin with the rising edge of RxC. If a low level is detected as 
the STOP bit, the Framing Error flag will be set. The STOP 
bit signals the end of a character. This character is then 
loaded into the parallel I/O buffer of the 8251. The RxRDY 
pin is raised to signal the CPU that a character is ready to 
be fetched. If a previous character has not been fetched by 
the CPU, the present character replaces it in the I/O buf¬ 
fer, and the OVERRUN flag is raised (thus the previous 
character is lost). All of the error flags can be reset by a 
command instruction. The occurrence of any of these er¬ 
rors will not stop the operation of the 8251. 


D 7 °6 °5 °4 °3 D 2 D 1 D 0 



Mode Instruction Format, Asynchronous Mode 


TRANSMITTER OUTPUT 



TRANSMISSION FORMAT 

CPU BYTE (5-8 BITS/CHAR) 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 



CPU BYTE (5-8 BITS/CHAR)* 



•NOTE: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 
BITS THE UNUSED BITS ARE SET TO "ZERO". 


Asynchronous Mode 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251 which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 

Once transmission has started, the data stream at TxD out¬ 
put must continue at the TxC rate. If the CPU does not pro¬ 
vide the 8251 with a character before the 8251 becomes 
empty, the SYNC characters (or character if in single SYNC 
word mode) will be automatically inserted in the TxD data 
stream. In this case, the TxEMPTY pin is raised high to sig¬ 
nal that the 8251 is empty and SYNC characters are being 
sent out. TxEMPTY goes low when SYNC is being shifted 
out (See Figure below). The TxEMPTY pin is internally 
reset by the next character being written into the 8251. 


AUTOMATICALLY INSERTED BY USART 


| DATA | 

DATA 

SYNC 1 

| SYNC 2 

| DATA 

ZEEE3 

r 


1 _ 


\ / 

NOMINAL CENTER OF LAST BIT 


d 7 d 6 d 5 d 4 d 3 d 2 D 1 d 0 



Mode Instruction Format, Synchronous Mode 


Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the internal SYNC mode has been 
programmed, the receiver starts in a HUNT mode. Da ta on 
the RxD pin is then sampled in on the rising edge of RxC. 
The content of the Rx buffer is continuously compared 
with the first SYNC character until a match occurs. If the 
8251 has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The SYN- 
DET pin is then set high, and is reset automatically by a 
STATUS READ. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin. The high level can 
be removed after one RxC cycle. 

Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. 


CPU BYTES (5-8 BITS/CHAR) 


DATA CHARACTERS 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


SYNC SYNC 

CHAR 1 CHAR 2 


DATA CHARACTERS 


RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 


SYNC SYNC 

CHAR 1 CHAR 2 


DATA CHARACTERS 


CPU BYTES (5-8 BITS/CHAR) 


DATA CHARACTERS 


Synchronous Mode, Transmission Format 
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COMMAND INSTRUCTION DEFINITION 

Once the functional definition of the 8251 has been pro¬ 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func¬ 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 8251 
and Sync characters inserted, if necessary, then all further 
"control writes" (C/D = 1) will load the Command In¬ 
struction. A Reset operation (internal or external) will 
return the 8251 to the Mode Instruction Format. 



Command Instruction Format 


STATUS READ DEFINITION 

In data communication systems it is often necessary to 
examine the "status" of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor's attention. The 8251 has facilities that allow the 
programmer to "read" the status of the device at any time 
during the functional operation. 

A normal "read" command is issued by the CPU with the 
C/D input at one to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 can be 
used in a completely Polled environment or in an interrupt 
driven environment. 

Status update can have a maximum delay of 16 clock 
periods. 



Status Read Format 

Note 1: TxRDY status bit has similar meaning as the TxRDY 
output pin. The former is not conditioned by CTS and 
TxEN; the latter is conditioned by both CTS and 
TxEN. 

i.e. TxRDY status bit = DB Buffer Empty 

TxRDY pin out = DB Buffer Empty • CTS • TxEN 
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APPLICATIONS OF THE 8251 



Asynchronous Serial Interface to CRT Terminal, 
DC-9600 Baud 



Asynchronous Interface to Telephone Lines 



Synchronous Interface to Terminal or Peripheral Device 



TELEPHONE 

LINE 


Synchronous Interface to Telephone Lines 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias.0°C to 70°C 

Storage Temperature.—65°C to +150°C 

Voltage On Any Pin 

With Respect to Ground.-0.5V to +7V 

Power Dissipation.1 Watt 


*COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings " may cause permanent damage to the 
device. This is a stress rating only and functional opera¬ 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi¬ 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. Characteristics: 

T a = 0°C to 70°C; V cc = 5.0V ±5%; GND = 0V 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

V,L 

Input Low Voltage 

-.5 


0.8 

V 


V| H 

Input High Voltage 

2.0 


V CC 

V 


V OL 

Output Low Voltage 



0.45 

V 

Iql = 1.6mA 

V OH 

Output High Voltage 

2.4 



V 

Iqh = -100/iA 

•dl 

Data Bus Leakage 



-50 

mA 

Vqut = .45V 





10 

pA 

V OUT “ V CC 

IlL 

Input Leakage 



10 

pA 

< 

2 

II 

< 

o 

■cc 

Power Supply Current 

_i 

45 

80 

mA 



Capacitance: 

T a = 25°C; V C c = GND = 0V 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

Qn 

Input Capacitance 



10 

pF 

fc= 1MHz 

C l/0 

I/O Capacitance 



20 

PF 

Unmeasured pins returned to GND. 


TEST LOAD CIRCUIT: 


2V 



Figure 1. 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (dB) 



A CAPACITANCE (pF) 
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A.C. Characteristics: 

T a = 0°C to 70°C; V cc = 5.0V ±5%; GND = 0V 

BUS PARAMETERS: (Notel) 

READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AR 

Address Stable Before READ (CS, C/D) 

50 


ns 


tRA 

Address Hold Time for READ (CS, C/D) 

5 


ns 


tRR 

READ Pulse Width 

430 


ns 


tRD 

Data Delay from READ 


350 

ns 

C L = 100 pF 

*DF 

READ to Data Floating 


200 

ns 

C L = 100 pF 



25 


ns 

C L = 15pF 

tRV 

Recovery Time Between WRITES (Note 2) 

6 


f CY 



WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AW 

Address Stable Before WRITE 

20 


ns 


*WA 

Address Hold Time for WRITE 

20 


ns 


t W W 

WRITE Pulse Width 

400 


ns 


X D\N 

Data Set Up Time for WRITE 

200 


ns 


tWD 

Data Hold Time for WRITE 

40 


ns 



NOTES: 1. AC timings measured at Vqh = 2.0, Vql = -8, and with load circuit of Figure 1. 

2. This recovery time is for initialization only, when MODE, SYNC1, SYNC2, COMMAND 
and first DATA BYTES are written into the USART. Subsequent writing of both 
COMMAND and DATA are only allowed when TxRDY = 1. 
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OTHER TIMINGS: 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

tcY 

Clock Period (Note 3) 

.420 

1.35 

/is 



Clock Pulse Width 

220 

•7 t C y 

ns 


tR/tF 

Clock Rise and Fall Time 

0 

50 

ns 


*DTx 

TxD Delay from Falling Edge of TxC 


1 

jUS 

C L = 100 pF 

tSRx 

Rx Data Set-Up Time to Sampling Pulse 

2 


/is 

C L = 100 pF 

tHRx 

Rx Data Hold Time to Sampling Pulse 

2 


/is 

C L = 100 pF 

f Tx 

Transmitter Input Clock Frequency 






lx Baud Rate 

DC 

56 

KHz 



16x and 64x Baud Rate 

DC 

520 

KHz 


tTPW 

Transmitter Input Clock Pulse Width 






lx Baud Rate 

12 


*CY 



16x and 64x Baud Rate 

1 


X CY 


tTPD 

Transmitter Input Clock Pulse Delay 






lx Baud Rate 

15 


X CY 



16x and 64x Baud Rate 

3 


X CY 


fRx 

Receiver Input Clock Frequency 






lx Baud Rate 

DC 

56 

KHz 



16x and 64x Baud Rate 

DC 

520 

KHz 


*RPW 

Receiver Input Clock Pulse Width 






lx Baud Rate 

12 


X CY 



16x and 64x Baud Rate 

1 


X CY 


*RPD 

Receiver Input Clock Pulse Delay 






lx Baud Rate 

15 


t CY 



16x and 64x Baud Rate 

3 


X CY 


*Tx 

TxRDY Delay from Center of Data Bit 


16 

*CY 

C L = 50 pF 

tRx 

RxRDY Delay from Center of Data Bit 


20 

*CY 


tis 

Internal SYNDET Delay from Center 


25 

tCY 



of Data Bit 





*ES 

Internal SYNDET Set-Up Time Before 


16 

fCY 



Falling Edge of RxC 





tTxE 

TxEMPTY Delay from Center of Data Bit 


16 

tCY 

C L = 50 pF 

*wc 

Control Delay from Rising Edge of 

WRITE (TxE,DTR,RTS) 


16 

*CY 


tCR 

Control to READ Set-Up Time (DSR,CTS) 


16 

tCY 



3. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For lx Baud Rate , fj x or fR x < 1/(30 t Qy) 

For 16x and 64x Baud Rate, fj x or fp x < 1/(4.5 tQy) 


4. Reset Pulse Width = 6 t^y minimum. 
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READ AND WRITE TIMING 



•WRITE AND READ PULSES DSR.CTS 

HAVE NO TIMING LIMITATION 
WITH RESPECT TO CLK. 

READ 



TRANSMITTER CLOCK 
AND DATA 

TxC (lx BAUD) 
TiC (16x BAUD) 
TxD 

RECEIVER CLOCK 
AND DATA 




—"■' t DTX ~* — 

- i — 


RxC (lx BAUD) 

INTERNAL 

SAMPLING 


-16 TxC PERIODS - 


TTTDC 


r 





N- 

-START BIT - 


-«-1st DATA BIT-► 

RxD 



-7 






*•- l SRX -- l HRX - 


RxC (16x BAUD) _iirinmnnnnnnnjmririnji^ 

|-*-8 RxC PERIODS-*-)-*-16 RxC PERIODS-►] 


INTERNAL 
SAMPLING _ 
PULSE 


_TL 


JL 


Tx RDY AND Rx RDY 
TIMING (ASYNC MODE) 


RxD | START BIT I DATA BITS 


Rx RDY 

READ 


I PARITY BIT I STOP 


BIT 1 START BIT T 




ir 



WRITE 

WRITE 1st BYTE WRITE 2nd BYTE 
Tx D MARKING ! START BIT | E 


I PARITY BIT j STOP 


u 


A. 


i_r 


WRITE 3rd BYTE 
BIT | START BIT T 


- 1st DATA BYTE - 


- 2nd DATA BYTE 


INTERNAL SYNC DETECT 


RxD 


SYNDET 

(OUTPUT) 

EXTERNAL SYNC DETECT 


|-«-- SYNC CHARACTER (01101001) 

J BIT |_| I I 



RxC 


SYNDET 

(INPUT) 


RxD 


— 

*ES 


J 


-W-1 


1st DATA BYTE - 


RESET BY 

SOFTWARE 

COMMAND 
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8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 


■ I/O Port or Memory Selector 

■ Simple Expansion — Enable Inputs 

■ High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

■ Directly Compatible with TTL Logic 
Circuits 


■ Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10 mA min. 

■ 16-Pin Dual-ln-Line Ceramic or 
Plastic Package 


The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem¬ 
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes 
"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy 
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive 
eight other decoders for arbitrary memory expansions. 

The Intel 8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 
the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to 
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu¬ 
sion process. 


PIN CONFIGURATION LOGIC SYMBOL 



PIN NAMES 

| a 0 a 2 addres s inputs 

r v E 3 ENABLE INPUTS 

; 0 ^ 07 decoded’outputs 
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FUNCTIONAL DESCRIPTION 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac¬ 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out¬ 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high” and active "low” device enable inputs 
provides the designer with a powerfully flexible gating func¬ 
tion to help reduce package count in his system. 




A i 

a 2 


DECODER 


°o 

a, 

o; 

°" 5 


ENABLE GATE 



ADDRESS 

ENABLE 

OUTPUTS | 

A 0 

Ai 

A 2 

E 

E 2 

E 3 

0 

1 

2 

3 

4 

5 

6 

7 

L 

L 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

•H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
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APPLICATIONS OF THE 8205 ray of 8205s can be used to create a simple interface to a 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, SI, S2) of the 8008 CPU. 

I/O Port Decoder 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, A0 is as¬ 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net¬ 
works. 


Chip Select Decoder 

Using a very similar circuit to the I/O port decoder, an ar- 



l/O Port Decoder 


24K memory system. 

The memory devices used can be either ROM or RAM and 
are IK in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de¬ 
vice has ten (10) address inputs and an active "low" chip 
select (CS). The lower order address bits A0-A9 which come 
from the microprocessor are "bussed" to all memory ele¬ 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de¬ 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad 1 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup¬ 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 
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Logic Element Example 

Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the "on-chip" 
enabling gate, the 8205 can be configured to gate its de¬ 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 

An excellent example of such an application is the "state 
decoder" in an 8008 CPU based system. The 8008 CPU is¬ 
sues three bits of information (SO, SI, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 

In the figure below a circuit is shown using the 8205 as the 
"state decoder" for an 8008 CPU that not only decodes the 
SO, SI, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. TheTI 


and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de¬ 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 

The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider Tf out¬ 
put, the boolean equation for it would be: 

T1 = (S0*STS2)-(SYNC-Phase 2-Reset) 

A six input NAND gate plus a few inverters would be need¬ 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 



SYSTEM RESET- 1 


State Control Coding 


So 

Si 

Sg 

STATE 

0 

1 

0 

T1 

0 

1 

1 

Til 

0 

0 

1 

T2 

0 

0 

0 

WAIT 

1 

0 

0 

T3 

1 

1 

0 

STOP 

1 

1 

1 

T4 

1 

0 

1 

T5 
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ABSOLUTE MAXIMUM RATINGS* 

65°C to + 125°C 
-65°C to +75°C 

65°C to + 160°C 
-0.5 to +7 Volts 
1.0 to +5.5 Volts 
125 mA 


"COMMENT 

Stresses above those listed under “Absolute Maximum Rat¬ 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


Temperature Under Bias: Ceramic 
Plastic 

Storage Temperature 
All Output or Supply Voltages 
All Input Voltages 
Output Currents 


D.C. CHARACTERISTICS T A = 0°C to +75°C, V cc = 5.0V ±5% 


8205 


SYMBOL 

PARAMETER 

| LIMIT 

UNIT 

TEST CONDITIONS 

MIN. 

MAX. 

'f 

INPUT LOAD CURRENT 


-0.25 

mA 

V cc = 5.25V, V p = 0.45V 

'r 

INPUT LEAKAGE CURRENT 


10 

PA 

V cc = 5.25V, V R = 5.25V 

v c 

INPUT FORWARD CLAMP VOLTAGE 


-1.0 

V 

V cc = 4.75V, l c = -5.0 mA 

_l 

o 

> 

OUTPUT “LOW" VOLTAGE 


0.45 

V 

V cc = 4.75V, l QL = 10.0 mA 

V OH 

OUTPUT HIGH VOLTAGE 

2.4 


V 

Vcc = 4.75V. I 0H =-1.5 mA 

V ,L 

INPUT “LOW" VOLTAGE 


0.85 

V 

V cc = 5.0V 

V ,H 

INPUT "HIGH" VOLTAGE 

2.0 


V 

V cc = 5.0V 

'sc 

OUTPUT HIGH SHORT 

CIRCUIT CURRENT 

-40 

-120 

mA 

V cc = 5.0V, V QUT = 0V 

v ox 

OUTPUT "LOW" VOLTAGE 
@ HIGH CURRENT 


0.8 

V 

v cc = 5 0v . 'ox s40mA 

'cc 

POWER SUPPLY CURRENT 


70 

mA 

V cc - 5.25V 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. 
OUTPUT “LOW" VOLTAGE 






—i—i— 
T a = 75°C ^ 







T a = 25‘ 

c 



v c 

c = 5 

ov 




A 


t a = o°c 




i 



J 









7 

r~ 

_l 



~ 





r 


i 


2 





/ 






Ta 

= 75° 



r 





1 




yL 

__ T; 

k = o c 

c 





2 


— 

-T A '=25 C 

d 

1_1 

2 


0 .2 .4 .6 8 1.0 

OUTPUT "LOW" VOLTAGE (V) 


OUTPUT CURRENT VS. 



0 1.0 2.0 3.0 4.0 5.0 

OUTPUT "HIGH" VOLTAGE (V) 


DATA TRANSFER FUNCTION 



0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

INPUT VOLTAGE (V) 
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8205 


8205 SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1.5V 



TEST WAVEFORMS 

ADDRESS OR ENABLE 
INPUT PULSE 


OUTPUT 



A.C. CHARACTERISTICS T A = 0°C to +75°C, V cc = 5.0V ±5% unless otherwise specified. 


SYMBOL 

PARAMETER 

MAX. LIMIT 

UNIT 

TEST CONDITIONS 

t + + 

ADDRESS OR ENABLE TO 
OUTPUT DELAY 

18 

ns 


t_ + 

18 

ns 


t + _ 

18 

ns 


t__ 

18 

ns 


r (i» 

U IN 

INPUT CAPACITANCE P8205 

4(typ.) 

pF 

f = 1 MHz, V CC = 0V 

V B IAS = 2.0V, T A “ 25°C 

C8205 

5(typ.) 

PF 


1. This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 

ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 

DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 



LOAD CAPACITANCE (pF) 


O 




1 

v cc ■ 5.0V 

C L = 30 pF 






t t + 









0 25 50 75 


AMBIENT TEMPERATURE <°C) 
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8214 

PRIORITY INTERRUPT CONTROL UNIT 



■ Eight Priority Levels 

■ Current Status Register 

■ Priority Comparator 


■ Fully Expandable 

■ High Performance (50ns) 

■ 24-Pin Dual In-Line Package 


The 8214 is an eight level priority interrupt control unit designed to simplify interrupt driven microcomputer 
systems. 

The PICU can accept eight requesting levels; determine the highest priority, compare this priority to a soft¬ 
ware controlled current status register and issue an interrupt to the system along with vector information to 
identify the service routine. 

The 8214 is fully expandable by the use of open collector interrupt output and vector information. Control 
signals are also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count 
in interrupt driven microcomputer systems. 


PIN CONFIGURATION 


LOGIC DIAGRAM 




11 



B o[I 

1 


24 

□ v cc 


2 


23 

^ ECS 

sc 

3 


22 

=K 

SGS Q 

4 


21 

3s 

INT Q 

5 


20 

3 s 

CLK Q 

6 

8214 

19 

3s 

INTE Q 

7 


18 

3 s 


8 


17 

3s 

*,c 

9 


16 

3s 


10 


15 

□ % 

ELR Q 

11 


14 

ENLG 

GND Q 

12 


13 

^ ETLG 


PIN NAMES 


INPUTS 


R 0 -R 7 

REQUEST LEVELS IR 7 HIGHEST PRIORITY) 

b 0 b 2 

CURRENT STATUS 

SGS 

STATUS GROUP SELECT 

ECS 

ENABLE CURRENT STATUS 

INTE 

INTERRUPT ENABLE 

CLK 

CLOCK (INT F-F) 

ELR 

ENABLE LEVEL READ 

ETLG 

ENABLE THIS LEVEL GROUP 

OUTPUTS 


A<)-A 2 

REQUEST LEVELS 1_OPEN 

INTERRUPT (ACT. LOW) J COLLECTOR 

INT 

ENLG 

ENABLE NEXT LEVEL GROUP 


[TT> ELR 
[T3> ETLG 

[15> R 0 

[H> R r 

Gz> r 2 
\™> R 3 
d?> r 4 

[ 20 > r 5 . 

HD> v 

[H> R 7 


E> B o 

d> b, 

d> *2 

(T> SGS 
|23> ECS 


r~T> INTE 
|~6~~> CLK 
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8214 


D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias. 0°C to 70°C 

Storage Temperature.-65°C to+150°C 

All Output and Supply Voltages. -0.5V to +7V 

All Input Voltages. -1.0V to +5.5V 

Output Currents. 100mA 


•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi¬ 
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 


T a = 0°C to +70°C, V cc = 5V ±5%. 


Symbol 

Parameter 

Limits | 

Unit 

Conditions 

Min. 

Typ.U) 

Max. 

Vc 

Input Clamp Voltage (all inputs) 



-1.0 

V 

lc=-5mA 

If 

Input Forward Current: ETLG input 


-.15 

- 0.5 

mA 

V F =0.45V 


all other inputs 


-.08 

-0.25 

mA 


•r 

Input Reverse Current: ETLG input 



80 

ma 

V r =5.25V 


all other inputs 



40 

mA 


Vil 

Input LOW Voltage: all inputs 



0.8 

V 

V CC =5.0V 

V, H 

Input HIGH Voltage: all inputs 

2.0 



V 

V CC =5.0V 

'CC 

Power Supply Current 


90 

130 

mA 

See Note 2. 

Vou 

Output LOW Voltage: all outputs 


.3 

.45 

V 

loi_ = 1 5mA 

V OH 

Output HIGH Voltage: ENLG output 

2.4 

3.0 


V 

Ioh 1 m A 

'OS 

Short Circuit Output Current: ENLG output 

-20 

-35 

-55 

mA 

Vos=0V,Vcc=5.0V 

•CEX 

Output Leakage Current: INT and A 0 -A 2 



100 

ma 

V CE x=5.25V 


NOTES: 

1. Typical values are for T A = 25° C, Vqc = 5.0V. 

2. Bq-B 2 , SGS, CLK, Rq-R 4 grounded, all other inputs and all outputs open. 
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8214 


A.C. CHARACTERISTICS AND WAVEFORMS t a = 0 °C to +70°C, V cc = + 5 V ± 5 % 




Limits 


Symbol 

Parameter 

Min. 

Typ.M) 

Max. 

Unit 

*CY 

CLK Cycle Time 

80 

50 


ns 

tp W 

CLK, ECS, INT Pulse Width 

25 

15 


ns 

t ISS 

INTE Setup Time to CLK 

16 

12 


ns 

f ISH 

INTE Hold Time after CLK 

20 

10 


ns 

^ETCS [2] 

ETLG Setup Time to CLK 

25 

12 


ns 

^TCH 121 

ETLG Hold Time After CLK 

20 

10 


ns 

tECCS 121 

ECS Setup Time to CLK 

80 

50 


ns 

tECCH 131 

ECS Hold Time After CLK 

0 



ns 

tECRS 131 

ECS Setup Time to CLK 

110 

70 


ns 

t ECRH 131 

ECS Hold Time After CLK 

0 




x ECSS [2] 

ECS Setup Time to CLK 

75 

70 


ns 

tECSH 12 ^ 

ECS Hold Time After CLK 

0 



ns 

*DCS^ 

SGS and B 0 -B 2 Setup Time to CLK 

70 

50 


ns 

tDCH 121 

SGS and Bq-B 2 Hold Time After CLK 

0 



ns 

tRCS [3] 

R 0 -R 7 Setup Time to CLK 

90 

55 


ns 

tRCH [3] 

R 0 -R 7 Hold Time After CLK 

0 



ns 

tics 

INT Setup Time to CLK 

55 

35 


ns 

tci 

CLK to INT Propagation Delay 


15 

25 

ns 

tRIS [4] 

R 0 -R 7 Setup Time to INT 

10 

0 


ns 

tRIH [41 

R^-R^ Hold Time After INT 

35 

20 


ns 

tRA 

R 0 -R 7 to Aq-A 2 Propagation Delay 


80 

100 

ns 

tELA 

ELR to Aq-A 2 Propagation Delay 


40 

55 

ns 

tECA 

ECS to A 0 -A 2 Propagation Delay 


100 

120 

ns 

tETA 

ETLG to Aq-A 2 Propagation Delay 


35 

70 

ns 

tDECS [41 

SGS and Bq-B 2 Setup Time to ECS 

15 

10 


ns 

*DECH [4] 

SGS and Bq-B 2 Hold Time After ECS 

15 

10 


ns 

tREN 

R 0 -R 7 to ENLG Propagation Delay 


45 

70 

ns 

tETEN 

ETLG to ENLG Propagation Delay 


20 

25 

ns 

tECRN 

ECS to ENLG Propagation Delay 


85 

90 

ns 

tECSN 

ECS to ENLG Propagation Delay 


35 

55 

ns 


CAPACITANCE (5J 




Limits 


Symbol 

Parameter 

Min. 

| 

Typ.U) 

Max 

Unit 

C|N 

Input Capacitance 


5 

10 

pF 

C OUT 

Output Capacitance 


7 

12 

PF 


TEST CONDITIONS: V B , AS = 2.5V, V cc = 5V, T A = 25°C, f = 1 MHz 


NOTE 5. This parameter is periodically sampled and not 100% tested. 
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8214 


WAVEFORMS 



NOTES: 

^ Typical values are for T A = 25°C ,VcC = 5.0V. 

^ Required for proper operation if ISE is enabled during next clock pulse. 

( 3 ) 

' ' These times are not required for proper operation but for desired change in interrupt flip-flop. 
^ Required for new request or status to be properly loaded. 


TEST CONDITIONS: 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 
Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 


TEST LOAD CIRCUIT 


OUT O- 


V CC 


3oon 


60 on 
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8216/8226 



4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


Data Bus Buffer Driver for 8080 CPU 

Low Input Load Current — .25 mA 
Maximum 

High Output Drive Capability for 
Driving System Data Bus 


■ 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

■ Three State Outputs 

■ Reduces System Package Count 


The 8216/8226 is a 4-bit bi-directional bus driver/receiver. 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vqh» ar, d for high capaci¬ 
tance terminated bus structures, the DB outputs provide a high 50mA Iql capability. 

A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applications for buffering in micro¬ 
computer systems. 


PIN CONFIGURATION 


LOGIC DIAGRAM 
8216 


LOGIC DIAGRAM 
8226 
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8216/8226 


FUNCTIONAL DESCRIPTION 


Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif¬ 
ically designed to buffer microcomputer system components. 

Bi-Directional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be¬ 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 


Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state. When it is at "zero" the device is selected (enabled) 
and t he direction of the data flow is determined by the 
DIEN input. 

The DIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op¬ 
eration. 



(a) 8216 


(b) 8226 


HP 






& 




= 3 *- 


& 


-1 

O. 


—o db 3 


-HIGH IMPEDANCE 


Figure 1. 8216/8226 Logic Diagrams 
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8216/8226 


APPLICATIONS OF 8216/8226 


8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys¬ 
tems. When expanding such a system to more than one board 
to increase I/O or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 

Shown in Figure 2 are a pair of 8216/8226 connected di¬ 
rectly to the 8080 Data Bus and associated control signals. 
The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 

On the system side, the DB lines interface with standard 
semiconductor I/O and Memory components and are com¬ 
pletely TTL compatible. The DB lines also provide a high 
drive capability (50mA) so that an extremely large system 
can be dirven along with possible bus termination networks. 

On the 8080 side the Dl and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi-directional 
operation. The DO outputs of the 8216/8226 have a high 
voltage output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adequate noise margin of 
350mV (worst case). 

The DIEN inputs to 8216/8226 is connected directly to the 
8080. DIEN is tied to DBIN so that proper bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated when a Hold request has been 
acknowledged during a DMA activity. 

Memory and I/O Interface to a Bi-directional Bus 

In large microcomputer systems it is often necessary to pro¬ 
vide Memory and I/O with their own buffers and at the same 
time maintain a direct, common interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and a common bi-directional set on the 
other to accomodate such a function. 

Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 

The interface to Memory is simple and direct. The memories 
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and 
have separate data inputs and outputs. The Dl and DO lines 
of the 8216/8226 tie to them directly and under control of 
the MEMR signal, which is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 

The interface to I/O is similar to Memory. The I/O devices 
used are typically Intel® 8255s, and can be used for both 
input and output ports. The I/O R signal is connected di¬ 
rectly to the DIEN input so that proper data flow from the 
I/O device to the Data Bus is maintained. 


The 8216/8226 can be used in a wide variety of other buf¬ 
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
systems. 



Figure 2. 8080 Data Bus Buffer. 



Figure 3. Memory and I/O Interface to a Bi-Directional Bus. 
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8216/8226 


D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.0°C to 70°C 

Storage Temperature.-65°C to +150°C 

All Output and Supply Voltages. -0.5V to +7V 

All Input Voltages. -1.0V to +5.5V 

Output Currents. 125 mA 


•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi¬ 
cation is not implied. 


T a = 0°C to +70°C,V cc =+5V ±5% 


Symbol 

Parameter 

Limits | 

Unit 

Conditions 

Min. 

Typ. 

Max. 

>fi 

Input Load Current DIEN, CS 


-0.15 

-.5 

mA 

V F = 0.45 

'f2 

Input Load Current All Other Inputs 


-0.08 

-.25 

mA 

V F = 0.45 

■r1 

Input Leakage Current DIEN, CS 



20 

MA 

V R = 5.25V 

■r2 

Input Leakage Current Dl Inputs 



10 

UA 

V R = 5.25V 

V C 

Input Forward Voltage Clamp 



-1 

V 

lc = -5mA 

VlL 

Input "Low" Voltage 



.95 

V 


V,H 

Input "High" Voltage 

2.0 



V 


Mo 1 

Output Leakage Current DO 

(3-State) DB 



20 

100 

/iA 

V 0 = 0.45V/5.25V 

'cc 

8216 


95 

130 

mA 


Power Supply Current 

8226 


85 

120 

mA 


V OL1 

Output "Low" Voltage 


0.3 

.45 

V 

DO Outputs Iol = 15itiA 

DB Outputs loi_ = 25mA 

V OL2 

8216 


0.5 

.6 

V 

DB Outputs loi_ = 55mA 

LJUipUI LOW V Ullage . 

8226 


0.5 

.6 

V 

DB Outputs Iol = 50itiA 

Vo HI 

Output "High" Voltage 

3.65 

4.0 


V 

DO Outputs Ioh = -1mA 

VoH2 

Output "High" Voltage 

2.4 

3.0 


V 

DB Outputs Iqh = -10mA 

'os 

Output Short Circuit Current 

-15 

-30 

-35 

-75 

-65 

-120 

< < 

E E 

DO Outputs Vq — 0V, 

DB Outputs Vcc = 5.0V 


NOTE: Typical values are for T A = 25°C, Vqc = 5.0V. 
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8216/8226 


WAVEFORMS 


INPUTS 


OUTPUT 

ENABLE 


OUTPUTS 



A.C. CHARACTERISTICS 

T a = 0°c to +70°C, V cc = +5V ±5% 




Limits 

— 


Symbol 

Parameter 

Min. 

Typ.D] 

Max. 

Unit 

Conditions 

T PD1 

Input to Output Delay DO Outputs 


15 

25 

ns 

C L =30pF, Rt =30012 
R 2 =600r2 

T PD2 

Input to Output Delay DB Outputs 
8216 


20 

30 

ns 

C L =300pF, R,=90n 


8226 


16 

25 

ns 

r 2 = ison 

t e 

Output Enable Time 

8216 


45 

65 

ns 

(Note 2) 


8226 


35 

54 

ns 

(Note 3) 

t d 

Output Disable Time 


20 

35 

ns 

(Note 4) 


TEST CONDITIONS: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 


TEST LOAD CIRCUIT 


Capacitance 151 



Symbol 

Parameter 

Min. 

Limits 

Typ.D] 

Max. 

Unit 

C||\j 

Input Capacitance 


4 

8 

pF 

C OUT1 

Output Capacitance 


6 

10 

pF 

C OUT2 

Output Capacitance 


13 

18 

pF 


TEST CONDITIONS: V B)AS = 2.5V, V cc = 5.0V, T A = 25 C, f = 1 MHz. 

NOTES: 1. Typical values are for T A = 25°C, Vcc = 5.0V. 

2. DO Outputs, C L = 30pF, R-| = 300/10 KS7, R 2 = 180/1 KS7; DB Outputs, C L = 300pF, R^ = 90/10 Kft, R 2 = 180/1 Kft. 

3. DO Outputs, C L = 30pF, R^ = 300/10 Kft, R 2 = 600/IK; DB Outputs, C L =300pF, R^ = 90/10 Kft, R 2 = 180/1 Kft. 

4. DO Outputs, C L = 5pF, R ^ = 300/10 Kft, R 2 = 600/1 KH; DB Outputs, C L = 5pF, R-| = 90/10 Kft. R 2 = 180/1 K SI. 

5. This parameter is periodically sampled and not 100% tested. 
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8253 

PROGRAMMABLE INTERVAL TIMER 


w 




■ 3 Independent 16-Bit Counters ■ Count Binary or BCD 

■ DC to 2 MHz ■ Single +5V Supply 

■ Programmable Counter Modes ■ 24 Pin Dual-ln-Line Package 

The 8253 is a programmable counter/timer chip designed for use as an MCS-80™ peripheral. It uses nMOS technology with 
a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as three independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are 
software programmable by the 8080. 


PIN CONFIGURATION 


BLOCK DIAGRAM 




CLK 0 
GATE 0 
OUTO 


CLK 1 
GATE 1 
OUT 1 


CLK 2 
GATE 2 
OUT 2 
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8253 


8253 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel® 8080 
Microcomputer system. Its function is that of a general 
purpose, multi-modetiming elementthatcan betreated as 
an array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting uptiming 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

• Programmable Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the MCS-80™system data bus. Data is 
transmitted or received by the buffer upon execution of 
INput or OUTput CPU instructions. The Data Bus Buffer 
has three basic functions. 

1. Programming the MODES of the 8253. 

2. Loading the count registers. 

3. Reading the count values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the MCS-80 m 
system bus and in turn generates control signals for 
overall device operation. It isenabled ordisabled by CSso 
that no operation can occur to change the function unless 
the device has been selected by the system logic. 

RD (Read) 

A “low” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A “low” on this input informs the 8253 that the CPU is 
outputting data in theform of mode information or loading 
counters. 


AO, A1 

These inputs are normally connected to the MCS-80™ 
address bus. Their function is to select one of the three 
counters to be operated on and to address the control 
word register for mode selection. 

CS (Chip Select) 

A “low” on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 



8253 BLOCK DIAGRAM 


CS 

RD 

WR 

Ai 

A 0 


0 

1 

0 

0 

0 

Load Counter No. 0 

0 

1 

0 

0 

1 

Load Counter No. 1 

0 

1 

0 

1 

0 

Load Counter No. 2 

0 

1 

0 

1 

1 

Write Mode Word 

0 

0 

1 

0 

0 

Read Counter No. 0 

0 

0 

1 

0 

1 

Read Counter No. 1 

0 

0 

1 

1 

0 

Read Counter No. 2 

0 

0 

1 

1 

1 

No-Operation 3-State 

1 

X 

X 

X 

x 

Disable 3-State 

0 

1 

1 

X 

X 

No-Operation 3-State 
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Control Word Register 

The Control Word Register is selected when AO, A1 are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is availableto 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read “on the fly” without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 

® TM 

The 8253 is a component of the Intel MCS-80 System and 
interfaces in the same manner as all other peripherals of 
the family. It is treated by the systems software as an array 
of peripheral I/O ports; three are counters and the fourth is 
a control register for MODE programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel® 8205 for larger systems. The RD and WR inputs 
are normally connected to the IOR and IOW ou tpu ts of the 
8228 but they can be connected to the MEMR and MEMW 
signals in a memory mapped I/O configuration so that 
the full memory operating instructions of the 8080A can be 
used to initialize and maintain the 8253. 



8253 BLOCK DIAGRAM 



C. 



ADDRESS BUS (16) 


1 


hi 

h 


\ 1 



CONTROL BUS 




U 

u 


I/OR 

l/OW 

s 



DATA BUS (8) 


1 


7T 


D 0 D 7 

8253 

COUNTER 

1 


8253 SYSTEM INTERFACE 
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8253 DETAILED 
OPERATIONAL DESCRIPTION 

General 

The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 
counting. 

Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Control Word Format 


D 7 

D 6 

D 5 

d 4 

d 3 

d 2 

Di 

Do 

SCI 

SCO 

RL1 

RLO 

M2 

Ml 

MO 

BCD 


Definition of Control Fields 
SC-Select Counter 


SCI SCO 


0 

0 

Select Counter 0 

0 

1 

Select Counter 1 

1 

0 

Select Counter 2 

1 

1 

Illegal 


RL-Read/Load 
RL1 RLO 


0 

0 

Counter Latching operation (see 
READ/WRITE Procedure Section) 

1 

0 

Read/Load most significant byte only. 

0 

1 

Read/Load least significant byte only. 

1 

1 

Read/Load least significant byte first, 
then most significant byte. 


M-MODE 
M2 Ml MO 


0 

0 

0 

Mode 0 

0 

0 

1 

Mode 1 

X 

1 

0 

Mode 2 

X 

1 

1 

Mode 3 

1 

0 

0 

Mode 4 

1 

0 

1 

Mode 5 


BCD 


0 

Binary Counter 16-bits 

1 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 


MODE Definition 

MODE 0: Interrupt on terminal count. 

The OUTput will be initially low after the Mode set 
operation. After the count is loaded into the selected 
count register, the OUTput will remain low and the 
counter will count. When terminal count is reached the 
OUTput will go high and remain high until the selected 
count register is reloaded with the Mode. 

Reloading a counter register during counting results in 
the following: 

(1) Load 1st byte stops the current counting. 

(2) Load 2nd byte starts the new count. 

The GATE input will enable the counting when high and 
inhibit counting when low. 

MODE 1: Programmable One-Shot. 

The OUTput will go low on the count following the rising 
edge of the GATE input. 

The OUTput will go high on the terminal count. If a new 
count value is loaded while the OUTput is low it will not 
affect the duration of the One-Shot pulse until the 
succeeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will 
remain low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator 

Divide by N counter. The OUTput will be low for one 
period of the input clock. The period from one output 
pulse to the next equals the number of input counts in the 
count register. If the count register is reloaded between 
output pulses the present period will not be affected, but 
the subsequent period will reflect the new value. 

The GATE input, when low, will force the OUTput high. 
When the GATE input goes high, the counter will start 
from the initial count. Thus, the GATE input can be used to 
synchronize the counter. 

When this MODE is set, the output will remain high until 
after the count register is loaded. The output then can also 
be synchronized by software. 

MODE 3: Square Wave Rate Generator. 

Similar to MODE 2 except that the OUTput will remain 
high until one half the count has been completed (for even 
numbers) and go low for the other half of the count. If the 
count is odd, the OUTput will be high for (N+1)/2 counts 
and low for (N-1)/2 counts. 

If the counter register is reloaded with a new value during 
counting, this new value will be reflected immediately 
after the output transition of the current count. 

MODE 4: Software triggered strobe. 

After the mode is set, the output will be high. When the 
count is loaded, the counter will begin counting. On 
terminal count, the output will go low for one input clock 
period, then will go high again. 

If the count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. The count will be 
inhibited while the gate input is low. Reloading the 
counter register will restart counting beginning with the 
new number. 


MODE 5: Hardware triggered strobe. 

The counter will start counting after the rising edge of the 
trigger input and will go low for oneclock period when the 
terminal count is reached. The counter is retriggerable. 
The output will not go low until the full count after the 
rising edge of any trigger. 


GATE Pin Operations Summary 


Signal 

^\Status 

Modes 

Low 

Or Going 

Low 

Rising 

High 

0 

Disables 

counting 

— 

Enables 

counting 

1 


1) Initiates 
counting 

2) Resets output 
after next clock 


2 

1) Disables 
counting 

2) Sets output 
immediately 
high 

Initiates 

counting 

Enables 

counting 

3 

1) Disables 

counting 

2) Sets output 
immediately 
high 

Initiates 

counting 

Enables 

counting 

4 

Disables 

counting 

— 

Enables 

counting 

5 

— 

Initiates 

counting 

— 
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MODE 0 


MODE 3 


CLOCK JTLJTJTJTJTJXI^^ 

Wff n I 1 -!-!“ 


OUTPUT (INTERRUPT) 


4 3 2 1 0 



WR m 
GATE 

OUTPUT (INTERRUPT) 


J 


5 4 


A 



A + B = m 


CLOCK 

0(4) 3 2 1 0(4) 3 2 1 0(4) 3 2 1 

OUTPUT (n = 4) |" | | I f - 1 

0(5) 4 3 2 1 0(5) 4 3 2 1 0(5) 4 3 

OUTPUT (n = 5) " 1 T - 1 | 


OUTPUT (n = 4) 


R ESET I r 


MODE 1 


MODE 4 


clock JTJTJTJTLJTJTJIJ^^ 

WR n “1_| 

TRIGGER f 

_4 3 2 1 0 

OUTPUT I 1 

(n = 4) 


TRIGGER 

OUTPUT 



0 

J 


clock JTJTJTJTJXITnJTJTJXnJTJT. 



LOAD n 
GATE 
OUTPUT 


7 ^ 4 


2 



MODE 2 


MODE 5 


cLocK_jxnjnjriJTJTJTri^^ 


4 3 2 1 0(4) 3 2 1 0(3) 2 1 0 


0(3) 

OUTPUT (n = 3) 1 I - 


3 2 1 0(3) 2 1 0(3) 2 1 


clock JTJTJTJTJTJTJ^ 




4 3 2 1 0 


OUTPUT (n = 4) 


4 3 4 3 2 1 0 


OUTPUT (n = 4) 


8253 TIMING DIAGRAMS 
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8253 READ/WRITE PROCEDURE 


Programming Format 


Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program¬ 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter’s MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SCI) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter’s count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2 16 for Binary or 10 4 for BCD). In MODEO 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program¬ 
med. Then proceed with the restart operation. 


MODE Control Word 

Counter n 

LSB 

Count Register byte 
Counter n 

MSB 

Count Register byte 
Counter n 


Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 


Alternate Programming Formats 


Example: 



A1 

AO 

MODE Control Word 

Counter 0 

1 

1 

MODE Control Word 

Counter 1 

1 

1 

MODE Control Word 

Counter 2 

1 

1 

Count Register Byte 

LSB Counter 1 

0 

1 

Count Register Byte 

MSB Counter 1 

0 

1 

LSB Count Register Byte 

Counter 2 

1 

0 

MSB Count Register Byte 

Counter 2 

1 

0 

LSB Count Register Byte 

Counter 0 

0 

0 

MSB Count Register Byte 

Counter 0 

0 

0 


Note: The exclusive addresses of each counter's count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 
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8253 READ/WRITE PROCEDURE 

Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logicthatinhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first I/O Read contains the least significant byte (LSB). 

second I/O Read contains the most significant byte 
(MSB). 

Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 


Read Operation Chart 


A1 

AO 

RD 


0 

0 

0 

Read Counter No. 0 

0 

1 

0 

Read Counter No. 1 

1 

0 

0 

Read Counter No. 2 

1 

1 

0 

Illegal 


Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter “on the fly” he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

MODE Register for Latching Count 


AO, A1 = 11 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

SCI 

SCO 

0 

0 

X 

X 

X 

X 


SCI,SCO — specify counter to be latched. 

D5,D4 — 00 designates counter latching operation. 

X — don’t care. 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. 


7-96 




8253 


Absolute Maximum Ratings 


Ambient Temperature Under Bias . 0°Cto70°C 

Storage Temperature .-65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground . -0.5 V to+7 V 

Power Dissipation . 1 Watt 


A 




% 




* COMMENT: Sr. * 

Stresses above those listed under "Absolute Maximum Ratings^. % 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


D.C. Characteristics: (t a = o°c to 70°C; v cc = 5V ±5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V|L 

Input Low Voltage 

-.5 

.8 

V 


V| H 

Input High Voltage 

2.0 

V CC +.5V 

V 


Vql 

Output Low Voltage 


.45 

V 

Iql = 2 mA 

VoH 

Output High Voltage 

2.4 


V 

Iqh = -400 AtA 

'Ll 

Input Load Current 


10 

/iA 

Vin = Vcc t0 ov 

>LOL 

Output Leakage Current 


-10 


V 0 UT = 0.45V 

■loh 

Output Leakage Current 


10 

MA 

Vqut = Vcc 

■cc 

Vcc Supply Current 


85 

mA 



Capacitance t a = 25°c; v cc = gnd = ov 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

C|N 

Input Capacitance 



10 

pF 

fc= 1 MHz 

C l/0 

I/O Capacitance 



20 

pF 

Unmeasured pins returned to V§s 
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A.C. Characteristics: t a = o°c to 7 o°c; v cc = 5 .ov ±5%; gnd = ov 
BUS PARAMETERS: (Notel) 

READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AR 

Address Stable Before READ 

50 


ns 


*RA 

Address Hold Time for READ 

5 


ns 


tRR 

READ Pulse Width 

430 


ns 


tRD 

Data Delay from READ 


350 

ns 

C L = 100 pF 

*DF 

READ to Data Floating 


200 

ns 

C L = 100 pF 



25 


ns 

C L = 15pF 


WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AW 

Address Stable Before WRITE 

20 


ns 


*WA 

Address Hold Time for WRITE 

20 


ns 


t W w 

WRITE Pulse Width 

400 


ns 


tDW 

Data Set Up Time for WRITE 

200 


ns 


*WD 

Data Hold Time for WRITE 

40 


ns 


tRV 

Recovery Time Between WRITES 

1 


/is 



Note 1: AC timings measured at Vqh = 2.0, Vq|_ = >8, and with load circuit of Figure 1. 


WRITE TIMING READ TIMING 





CLOCK AND GATE TIMING 


SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 
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8259 

PROGRAMMABLE INTERRUPT CONTROLLER 


■ Eight Level Priority Controller 

■ Expandable to 64 Levels 

■ Programmable Interrupt Modes 
(Algorithms) 


■ individual Request Mask Capability 

■ Single +5V Supply (No Clocks) 

■ 28 Pin Dual-In-Line Package 

■ Fully Compatible with 8080 CPU 


The 8259 handles up to eight vectored priority interrupts for the 8080A CPU. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires a 
single +5V supply. Circuitry is static, requiring no clock input. 

The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


PIN CONFIGURATION 


BLOCK DIAGRAM 



PIN NAMES 


d 7 -d 0 

DATA BUS (Bl DIRECTIONAL) 

RD 

READ INPUT 

WR 

WRITE INPUT 

A 0 

COMMAND SELECT ADDRESS 

CS 

CHIP SELECT 

CAS1-CAS0 

CASCADE LINES 

SP 

SLAVE PROGRAM INPUT 

INT 

INTERRUPT OUTPUT 

INTA 

INTERRUPT ACKNOWLEDGE INPUT 

IR0-IR7 

INTERRUPT REQUEST INPUTS 


I NT A 


INT 


RD 

WR 


CS 


CASO 
CAS 1 
CAS 2 


SP 
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INTERRUPTS IN MICROCOMPUTER 
SYSTEMS 

Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com¬ 
ponents receive servicing in an efficient method so that 
large amounts of the total system tasks can be assumed by 
the microcomputer with little or no effect on throughput. 

The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuence polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 

A more desireable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it istold to do 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Oncethisservicing 
is complete however the processor would resume exactly 
where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests is 
of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced and issues an Interrupt to 
the CPU based on this determination. 

Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to 
as a “service routine”. The PIC, after issuing an Interrupt 
totheCPU, must somehow input information intotheCPU 
that can “point” the Program Counter to the service 
routine associated with the requesting device. The PIC 
does this by providing the CPU with a 3-byte CALL 
instruction. 



POLLED METHOD 



INTERRUPT METHOD 
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8259 BASIC FUNCTIONAL DESCRIPTION 

General 

The 8259 is a device specifically designed for use in real 
time, interrupt driven, microcomputer systems. It man¬ 
ages eight levels or requests and has built-in features for 
expandability to other 8259s (up to 64 levels). It is 
programmed by the system’s software as an I/O 
peripheral. A selection of priority algorithms is available to 
the programmer so that the manner in which the requests 
are processed by the 8259 can be configured to match his 
system requirements. The priority assignments and 
algorithms can be changed or reconfigured dynamically 
at any time during the main program. This means that the 
complete interrupt structure can be defined as required, 
based on the total system environment. 

Interrupt Request Register (IRR) and In-Service 
Register (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). The IRR is used to store 
all the interrupt levels which are requesting service; and 
the ISR is used to store all the interrupt levels which are 
being serviced. 

The IRR bit is set and INT line is raised high whenever 
there is a positive going edge at the IR inp ut. Ho wever, the 
IR input must be held high until the 1st INTA pulse has 
arrived. More than one bit of the IRR can be set at on ce as 
long as they are not masked. The IRR is reset by the INTA 
sequence. 

The ISR bit is set by the INTA pulse (at the same time the 
selected IRR bit is reset). This bit remains set during the 
subroutine until an EOI (End of Interrupt) command is 
received by the 8259. 

The return from the subroutine to the main program may 
look like this: 

Dl 

OUT OCW2 (Send EOI command) 

POP PSW 
El 

RET 

Priority Resolver 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 

INT (Interrupt) 

This output goes directly to the 8080 INT input. The Voh 
level on this line is designed to be fully compatible with the 
8080 input level. 

INTA (Interrupt Acknowledge) 

This input generally comes from the 8228 of the CPU 
group. The 8228 will produce 3 distinct INTA pulses. The 3 
INTA pulses will cause the 8259 to release a 3-byte CALL 
instruction onto the Data Bus. 


Interrupt Mask Register (IMR) 

The IMR stores the bits of the interrupt lines to be masked. 
The IMR operates on both the IRR and the ISR. Masking of 
a higher priority bit will not affect the interrupt request 
lines of lower priority. 


INTA INT 



8259 BLOCK DIAGRAM 



ADDRESS BUS (16) 





3 





CONTROL BUS 





J 




I/OR 

l/OW 

INT 

INTA 

_ 

DATA BUS (8) 





3 


ii 


CASCADE 

LINES 


CS A 0 
CASO 


CAS2 

SP 


D 7 -D 0 RD WR INT INTA 

8259 

IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 
7 6 5 4 3 2 1 0 

T 


SLAVE 

PROG. 


INTERRUPT 

REQUESTS 


8259 INTERFACE TO 8080 STANDARD 
SYSTEM BUS 


7-103 





8259 


Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8259 to the 8080 system Data Bus. Control words and 
status information are transferred through the Data Bus 
Buffer. 

Read/Write Control Logic 

The function of this block is to accept OUTput commands 
from the 8080. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows the 
status of the 8259 to be transferred onto the 8080 Data 
Bus. 

CS (Chip Select) 

A “low” on this input enables the 8259. No reading or 
writing of the chip will occur unless the device is selected. 

WR (Write) 

A “low” on this input enables the 8080 CPU to write control 
words (ICWs and OCWs) to the 8259. 

RD (Read) 

A “low” on this input enables the 8259to send thestatus of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR) or the BCD of the 
Interrupt level on to the Data Bus. 

A0 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers as well as reading the various status registers of 
the chip. This line can be tied directly to one of the 8080 
address lines. 


INTA INT 



8259 BLOCK DIAGRAM 


8259 BASIC OPERATION 


A 0 

d 4 

D 3 

RD 

WR 

CS 

INPUT OPERATION (READ) 

0 



0 

1 

0 

IRR, ISR or Interrupting Level => DATA BUS (Note 1) 

1 



0 

1 

0 

IMR => DATA BUS 

OUTPUT OPERATION (WRITE) 

0 

0 

0 

1 

0 

0 

DATA BUS => OCW2 

0 

0 

1 

1 

0 

0 

DATA BUS =► OCW3 

0 

1 

X 

1 

0 

0 

DATA BUS => ICW1 

1 

X 

X 

1 

0 

0 

DATA BUS => OCW1, ICW2, ICW3 (Note 2) 

DISABLE FUNCTION 

X 

X 

X 

1 

1 

0 

DATA BUS => 3-STATE 

X 

X 

X 

X 

X 

1 

DATA BUS => 3-STATE 


Note 1: Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation. 
Note 2: On-chip sequencer logic queues these commands into proper sequence. 
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SP (Slave Program) 

More than one 8259 can be used in the system to expand 
the priority interrupt scheme up to 64 levels. In such case, 
one 8259 acts as_the master, and the others act as slaves. A 
“high” on the SP pin designates the 8259 as the master, a 
“low” designates it as a slave. 

The Cascade Buffer/Comparator 

This function block stores and compares the IDs of all 
8259 used in the system. The associated three I/O pins 
(CASO-2) are outputs when the 8259 is used as a master 
( SP = 1), and are inputs when the 8259 is used as a slave 
(SP = 0). As a master, the 8259 sends the ID of the 
interrupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
addre ssed onto the Data Bus during next two consecutive 
INTA pulses. (See section “Cascading the 8259”.) 


D,-D 0 

q 




RD > 0 


WR_ 

READ/ 


WRITE 


LOGIC 



cs 

J 


CASO 
CAS 1 
CAS 2 


CASCADE 

BUFFER/ 

COMPA¬ 

RATOR 


CONTROL LOGIC 


n 


SERVICE 

REG 

(ISR) 


1/Hpriority|/ 1 -| I 

Kj-JresolvfrjXJ 


n 


|interrupt| 

request 

REG 

(IRR) 


-IRS 
—IR6 
-IR7 


-N INTERRUPT MASK REG 

\j__y OMR) 


INTERNAL BUS 


8259 BLOCK DIAGRAM 


8259 DETAILED OPERATIONAL SUMMARY 
General 

The powerful features of the 8259 in the 8080 micro¬ 
computer system are its programmability and its utiliza¬ 
tion of the 8080 CALL instruction to jump into any address 
in the memory map. The normal sequence of events that 
the 8259 interacts with the CPU is as follows: 

1. One or more of the INTERRUPT REQUEST lines (IR7- 
0) are raised high signaling the 8259thatthe peripheral 
equipment(s) are demanding service. 

2. The 8259 accepts these requests, resolves the 
priorities, and sends an INT to the 8080 CPU. 


3. The 80 80 CP U acknowledges the INT and responds 
with an INTA pulse. 

4. Upon receiving the INTA from the CPU group (8228), 
the 8259 will release a CALL instruction code 
(11001101) onto the 8-bit Data Bus through its D7-0 
pins. 

5. This CALL instruction will initiate two more INTA 

pulses to be sent to the 8259 from the CPU qroup 
(8228). _ 

6. These two INTA pulses allow the 8259 to release its 
preprogrammed subroutine address onto the Data Bus. 
The lower 8-bit address is released at the first INTA 
pulse a nd th e higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259. The In-Service Register (ISR) is not reset 
until the end of the subroutine when an EOI (End of 
interrupt) command is issued to the 8259. 

Programming The 8259 

The 8259 accepts two types of command words generated 

by the CPU: 

1. Initialization Command Words (ICWs): 

Before normal operation can begin, each 8259 in the 
system must be brought to a starting point — by a 
sequence of 2 or 3 bytes timed by WR pulses. This 
sequence is described in Figure 1. 

2. Operation Command Words (OCWs): 

These are the command words which command the 
8259 to operate in various interrupt modes. These 
modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259 at anytime 
during operation. 


A 0 °7 °6 D 5 D 4 D 3 D 2 D 1 D 0 



FIGURE 1. INITIALIZATION SEQUENCE 
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Initialization Command Words 1 and 2: (ICW1 and ICW2) 

Whenever a command is issued with AO = Oand D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1), 
and initiates the initialization sequence. During this 
sequence, the following occur automatically: 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low to high transition to generate 
an interrupt. 

b. The interrupt Mask Register is cleared. 

c. IR 7 input is assigned priority 7. 

d. Special Mask Mode Flip-flop and status Read Flip- 
flop are reset. 

The 8 requesting devices have 8 addresses equally spaced 
in memory. The addresses can be programmed at 
intervals of 4 or 8 bytes; the 8 routines thus occupying a 
page of 32 or 64 bytes respectively in memory. 

The address format is: 



DEFINED BY D 5 _ 7 OF ICW1 AUTOMATICALLY 

INSERTED BY 8259 


AO-4 are automatically inserted by the 8259, while A15-6 
are programmed by ICW1 and ICW2. When interval = 8, A5 
is fixed by the 8259. If interval = 4, A5 is programmed in 
ICW1. Thus, the interrupt service routines can be located 
anywhere in the memory space. The 8 byte interval will 
maintain compatibility with current 8080 RESTART 
instruction software, while the 4 byte interval is best for 
compact jump table. 

The address format inserted by the 8259 is described in 
Table 1. 

The bits F and S are defined by ICW1 as follows: 

F: Call address interval. F = 1, then interval = 4; F = 0, 
then interval = 8. 

S: Single. S = 1 means that this is the only 8259 in the 
system. It avoids the necesity of programming ICW3. 


1 A15 1 

1 A14 

1 A13 1 

1 A12 

1 An 1 

1 A1 ° 1 

1 Ag 

1 As 1 

V J 


DEFINED BY ICW2 






INTERVAL=4 | INTERVAL= 

LOWER MEMORY ROUTINE ADDRESS 

8 





D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

IR 

7 

A7 

A6 

A5 

1 

1 

1 

0 

0 

A7 

A6 

1 

1 

1 

0 

0 

0 

IR 

6 

A7 

A6 

A5 

1 

1 

0 

0 

0 

A7 

A6 

1 

1 

0 

0 

0 

0 

IR 

5 

A7 

A6 

A5 

1 

0 

1 

0 

0 

A7 

A6 

1 

0 

1 

0 

0 

0 

IR 

4 

A7 

A6 

A5 

1 

0 

0 

0 

0 

A7 

A6 

1 

0 

0 

0 

0 

0 

IR 

3 

A7 

A6 

A5 

0 

1 

1 

0 

0 

A7 

A6 

0 

1 

1 

0 

0 

0 

IR 

2 

A7 

A6 

A5 

0 

1 

0 

0 

0 

A7 

A6 

0 

1 

0 

0 

0 

0 

IR 

1 

A7 

A6 

A5 

0 

0 

1 

0 

0 

A7 

A6 

0 

0 

1 

0 

0 

0 

IR 

0 

A7 

A6 

A5 

0 

0 

0 

0 

0 

A7 

A6 

0 

0 

0 

0 

0 

0 


TABLE 1. 
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Example of Interrupt Acknowledge Sequence 

Assume the 8259 is programmed with F = 1 (CALL address 
interval = 4), and IR5 is the interrupting le vel. Th e 3 byte 
sequence released by the 8259timed by the INTA pulses is 
as follows: 



D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


1st INTA 

1 

1 

0 

0 

1 

1 

0 

1 

CALL 

CODE 










LOWER 

2nd INTA 

A7 

A6 

A5 

1 

0 

1 

0 

0 

ROUTINE 

ADDRESS 










HIGHER 

3rd INTA 

A15 

A14 

A13 

A12 

All 

A10 

A9 

A8 

ROUTINE 

ADDRESS 


Initialization Command Word 3 (ICW3) 

This will load the 8-bit slave register. The functions of this 
register are as follows: 

a. If the 8259 is the master, a "1" is set for each slave in 
the system. The master then will release byte 1 of the 
CALL sequence and will enable the corresponding 
slave to release bytes 2 and 3, through the cascade 
lines. 

b. If the 8259 is a slave, bits 2-0 identify the slave. The 
slave compares its CAS0-2 inputs (sent by the 
master) with these bits. If they are equal, bytes 2 and 
3 of the CALL sequence are released. 

If bit S is set in ICW1, there is no need to program ICW3. 


ICW1 


A 0 °7 D 6 D 5 °4 °3 D 2 D 1 D 0 




ICW3 (MASTER DEVICE) 
°5 D 4 °3 °2 



ICW3 (SLAVE DEVICE) 


Aq d 7 d 6 d 5 d 4 d 3 d 2 Dt d 0 



INITIALIZATION COMMAND WORD FORMAT 
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Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the 8259, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259 operation, a selection of algorithms can command 
the 8259 to operate in various modes through the 
Operation Command Words (OCWs). These various 
modes and their associated OCWs are described below. 

Interrupt Masks 

Each Interrupt Request input can be masked individually 
by the Interrupt Masked Register (IMR) programmed 
through OCW1. 

The IMR will operate on both the Interrupt Request 
Register and the In-Service Register. Note that if an 
interrupt is already acknowledged by the 8259 (an INTA 
pulse has occurred), then the Interrupting level, although 
masked, will inhibit the lower priorities. To enable these 
lower priority interrupts, one can do one of the two 
things: (1) Write an End of Interrupt (EOI) command 
(OCW2) to reset the ISR bit or (2) Set the special mask 
mode using OCW3 (as will beexplained later in the special 
mask mode.) 

Fully Nested Mode 

The 8259 will operate in the fully nested mode after the 
execution of the initialization sequence without any OCW 
being written. In this mode, the interrupt requests are 
ordered in priorities from Othrough 7. When an interrupt is 
acknowledged, the highest priority request is determined 
and its address vector placed on the bus. In addition, a bit 
of the Interrupt service register (IS 7-0) is set. This bit 
remains set until the 8080 issues an End of Interrupt (EOI) 
command immediately before returning from the service 
routine. Whilethe IS bit isset, all further interruptsof lower 
priority are inhibited, while higher levels will be able to 
generate an interrupt (which will only be acknowledged if 
the 8080 has enabled its own interrupt input through 
software). 

After the Initialization sequence, IR0 has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained in the rotating priority mode. 

Rotating Priority Modes 

The Rotating Priority Modes of the 8259 serves in 
application of interrupting devices of equal priority such 
as communication channels. There are two variations of 
the rotating priority mode: the auto mode andthespecific 
mode. 

1. Auto Mode — In this mode, a device after being 
serviced receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case, until 7 other devices are serviced at most once 
each, i.e., if the priority and “in service” status is: 


BEFORE ROTATE 

IS7 

IS6 

IS5 

IS4 

IS3 

IS2 

IS1 

ISO 

"IS" STATUS 


■ 

° 

■ 

° 

° 


0 


LOWEST PRIORITY 


HIGHEST PRIORITY 

PRIORITY STATUS 

z 

• 

• 

• 

3 

■ 

■ 

Z 

AFTER ROTATE 

IS7 

IS6 

IS5 

IS4 

IS3 

IS2 

IS1 

ISO 

"IS" STATUS 

° 

■ 

° 

° 


° 

0 

0 


LOWEST PRIORITY 

HIGHEST PRIORITY 

PRIORITY STATUS 

■ 

■ 

* 

1 ' 

0 

7 

• 

Z 


In this example, the In-Service FF corresponding to 
line 4 (the highest priority FF set) was reset and line 4 
became the lowest priority, whileall the other priorities 
rotated correspondingly. 

The Rotate command is issued in OCW2, where: R = 
1, EOI = 1, SEOI = 0. 

2. Specific Mode — The programmer can change 
priorities by programming the bottom priority, and by 
doing this, to fix the highest priority: i.e., if IR5 is 
programmed as the bottom priority device, the IR6 will 
have the highest one. 

The Rotate command is issued in OCW2 where: R = 1, 
SEOI - 1. L2, LI, L0 are the BCD priority level codes of 
the bottom priority device. 

Observe that this mode is independent of the End of 
Interrupt Command and priority changes can be 
executed during EOI command or independently from 
the EOI command. 

End of Interrupt (EOI) and Specific End of 
Interrupt (SEOI) 

An End of Interrupt command word must be issued to the 
8259 before returning from a service routine, to reset the 
appropriate IS bit. 

There are two forms of EOI command: Specific and non¬ 
specific. When the 8259 is operated in modes which 
preserve the fully nested structure, it can determine which 
IS bitto reset on EOI. When a non-Specific EOI command 
is issued the 8259 will automatically reset the highest IS 
bit of those that are set, since in the nested mode, the 
highest IS level was necessarily the last level acknowl¬ 
edged and will necessarily be the next routine level 
returned from. 

However, when a mode is used which may disturbthefully 
nested structure, such as in the rotating priority case, the 
8259 may no longer be able to determine the last level 
acknowledged. In this case, a specific EOI (SEOI) must be 
issued which includes the IS level to be reset as part of the 
command. The End of the Interrupt is issued whenever 
EOI = “1” in OCW2. Forspecific EOI, SEOI = “1”, and EOI = 
1. L2, LI, L0 is then the BCD level to be reset. As explained 
in the Rotate Mode earlier, this can also be the bottom 
priority code. Note that although the Rotate command can 
be issued during an EOI = 1, it is not necessarily tied to it. 
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0CW1 

Aq d 7 d 6 d 5 d 4 d 3 d 2 d, d 0 





OPERATION COMMAND WORD FORMAT 
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Special Mask Mode (SMM) 

This mode is useful when some bit(s) are set (masked) by 
the Interrupt Mask Register (IMR) through OCW1. If, for 
some reason, we are currently in a subroutine which is 
masked (this could happen when the subroutine 
intentionally masks itself off). It is still possible to enable 
the lower priority lines by setting the Special Mask mode. 
In this mode the lower priority lines are enabled until the 
SMM is reset. The higher priorities are not affected. 

The special mask mode FF is set by OCW3 where ESMM = 
1, SMM = 1, and reset where: ESSM = 1 and SMM = 0. 

Polled Mode 

In this mode, the 8080 disables its interrupt input. Service 
to devices is achieved by programmer initiative by a Poll 
command. 

The poll command is issued by setting P = “1” in OCW3 
during a WR pulse. 

The 8259 treats the next RD pulse as an interrupt 
acknowledge, sets the appropriate IS Flip-flop, ifthereisa 
request, and reads the priority level. 

The word enabled onto the data bus during RD is: 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

□ 

□ 

□ 

□ 

□ 

W2 


| WO j 


WO — 2: BCD code of the highest priority level 
requesting service. 

I: Equal to a “1” if there is an interrupt. 

This mode is useful if there is a routine command 
common to several levels — so that the INTA 
sequence is not needed (and this saves ROM 
space). Another application is to use the poll 
mode to expand the number of priority levels to 
more than 64. 


SUMMARY OF OPERATION COMMAND WORD PROGRAMMING 



A0 D4 D3 


OCW1 

1 

M7-M0 

IMR (Interrupt Mask Register). WR will load it while status can be 




read with RD. 

OCW2 

0 0 0 

R SEOI EOI 




0 0 0 

No Action. 



0 0 1 

Non-specific End of Interrupt. 



0 1 0 

No Action. 



0 1 1 

Specific End of Interrupt. L2, LI, L0 is the BCD level to be reset. 



1 0 0 

No Action. 



1 0 1 

Rotate priority at EOI. (Auto Mode) 



1 1 0 

Rotate priority, L2, LI, L0 becomes bottom priority without 




Ending of Interrupt. 



1 1 1 

Rotate priority at EOI (Specific Mode), L2, LI, L0 becomes 




bottom priority, and its corresponding IS FF is reset. 

OCW3 

0 1 0 

ESMM SMM 





0 0 . 

0 1 

] 

r Special Mask not Affected. 



1 0 

Reset Special Mask. 



1 1 

Set Special Mask. 



ER IS RIS 





0 0 

0 1 

1 

L- No Action. 



1 0 

Read IR Register Status. 



1 1 

Read IS Register Status. 


Note: The 8080 INT input must be disabled during: 

1. Initialization sequence for all the 8259 in the system. 

2. Any control command execution. 
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Reading 8259 Status 

The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable OCW 
and reading with RD for the data bus lines: 

Interrupt Requests Register (IRR): 8-bit register which 
contains the priority levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
IRR when an interrupt is acknowledged. 

In Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 

Interrupt Mask Register: 8-bit register which containsthe 
interrupt request lines which are masked. 

The IRR can be read when prior to the RD pulse, an WR 
pulse is issued with OCW3, and ERIS = 1, RIS = 0. 

The ISR can be read in a similar mode, when ERIS = 1, RIS 
= 1 . 

There is no need to write an OCW3 before every status 
read operation as long as the status read corresponds with 
the previous one, i.e. the 8259 “remembers” whether the 
IRR or ISR has been previously selected by the OCW3. On 
the other hand, for polling operation, an OCW3 must be 
written before every read. 

For reading the IMR, a WR pulse is not necessary to 
preceed the RD. The output data bus will contain the IMR 
whenever RD is active and AO = 1. 

The IMR can be loaded through the data bus when WR is 
active and AO = 1. 

Polling overrides status read when P = 1, ERIS = 1 in 
OCW3. 


Cascading 

The 8259 can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

A typical system is shown in Figure 2. The master 
controls, through the 3 line cascade bus, which oneof the 
slaves will release the corresponding address. 

As shown in Figure 2, the slaves interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl¬ 
edged, th e mas ter will release the 8080 CALLcodeduring 
byte 1 of INTA and will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. 

The cascade bus lines are normally low and will contain 
the s lave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. It is 
obvious that each 8259 in the system must follow a 
separate initialization sequence and can be programmed 
to work in a different mode. An EOI command must be 
issued twice: once for the master and once for the 
corresponding slave. An_address decoder is required to 
activate the Chip Select (CS) input of each 8259. The slave 
program pin (SP) must be at a “low” level for a slave (and 
then the cascade lines are inputs) and at a “high” level for 
a master (and then the cascade lines are outpus). 



INTERRUPT REQUESTS 


FIGURE 2. CASCADING THE 8259 
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8259 INSTRUCTION SET 










INST. 

NO. 

MNEMONIC 

AO 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

OPERATION DESCRIPTION 

1 

ICW1 A 

0 

A7 

A6 

A5 

1 

0 

1 

1 

0 

Byte 1 initialization, format = 4, single. 

2 

ICW1 B 

0 

A7 

A6 

A5 

1 

0 

1 

0 

0 

Byte 1 initialization, format = 4, not single. 

3 

ICW1 C 

0 

A7 

A6 

A5 

1 

0 

0 

1 

0 

Byte 1 initialization, format = 8, single. 

4 

ICW1 D 

0 

A7 

A6 

A5 

1 

0 

0 

0 

0 

Byte 1 initialization, format = 8, not single. 

5 

ICW2 

1 

A15 

A14 

A13 

A12 

All 

A10 

A9 

A8 

Byte 2 initialization (Address No. 2) 

6 

ICW3 M 

1 

S7 

S6 

S5 

S4 

S3 

S2 

SI 

SO 

Byte 3 initialization — master. 

7 

ICW3S 

1 

0 

0 

0 

0 

0 

S2 

SI 

SO 

Byte 3 initialization — slave. 

8 

OCW1 

1 

M7 

M6 

M5 

M4 

M3 

M2 

Ml 

MO 

Load mask reg, read mask reg. 

9 

OCW2 E 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Non specific EOI. 

Specific EOI. L2, LI, LO code of IS FF 

10 

OCW2 SE 

0 

0 

1 

1 

0 

0 

L2 

LI 

LO 

to be reset. 

11 

OCW2 R E 

0 

1 

0 

1 

0 

0 

0 

0 

0 

Rotate at EOI (Auto Mode). 

Rotate at EOI (Specific Mode). L2, LI, LO, 

12 

OCW2 RSE 

0 

1 

1 

1 

0 

0 

L2 

LI 

LO 

code of line to be reset and selected as 
bottom priority. 

13 

OCW2 RS 

0 

1 

1 

0 

0 

0 

L2 

LI 

LO 

L2, LI, LO code of bottom priority line. 

14 

OCW3 P 

0 

- 

0 

0 

0 

1 

1 

0 

0 

Poll mode. 

15 

OCW3 RIS 

0 


0 

0 

0 

1 

0 

1 

1 

Read IS register. 

16 

OCW3 RR 

0 

- 

0 

0 

0 

1 

0 

1 

0 

Read requests register. 

17 

OCW3 SM 

0 

- 

1 

1 

0 

1 

0 

0 

0 

Set special mask mode. 

18 

OCW3 RSM 

0 

- 

1 

0 

0 

1 

0 

0 

0 

Reset special mask mode. 


Notes: 

1. In the master mode SP pin = 1, in slave mode SP = 0. 

2. (—) = do not care. 
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Absolute Maximum Ratings 


* COMMENT: 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

VlL 

Input Low Voltage 

-.5 

.8 

V 


V|H 

Input High Voltage 

2.0 

Vcc+.5V 

V 


V OL 

Output Low Voltage 


.45 

V 

Iql = 2 mA 

VoH 

Output High Voltage 

2.4 


V 

1 oh = -400 mA 

VoH-INT 

Interrupt Output High Voltage 

2.4 

3.5 


V 

V 

1 oh = -400 juA 

1 oh = -50 fx A 

1 IL(IR 0 _ 7 ) 

Input Leakage Current 

for IRo-7 


-300 

10 

ma 

juA 

Vim = OV 

Vin = Vcc 

IlL 

Input Leakage Current 

for Other Inputs 


10 

ma 

Vin = Vcc t0 0V 

1 LOL 

Output Leakage Current 


-10 

M A 

V 0 UT = 0.45V 

1 LOH 

Output Leakage Current 


10 

ma 

Vqut = Vcc 

•cc 

Vcc Supply Current 


85 

mA 



Ambient Temperature Under Bias . 0°Cto70°C 

Storage Temperature . -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground . -0.5 V to+7 V 

Power Dissipation . 1 Watt 


D.C. Characteristics: d A = o°cto 70°C; v cc = 5V ±5%) 


Capacitance t a = 25°c; v cc = gnd = ov 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

TEST CONDITIONS 

C|N 

Input Capacitance 



10 

pF 

fc= 1 MHz 

C l/0 

I/O Capacitance 



20 

pF 

Unmeasured pins returned to Vgs 
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A.C. Characteristics: (t a = o°c to 70°C; v cc = +5V ±5%, gnd = ov) 

BUS PARAMETERS 
READ 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

*AR 

CS/Aq Stable before RD or INTA 

0 


ns 


tRA 

CS/A 0 Stable after RD or INTA 

0 


ns 


tRR 

RD Pulse Width 

300 


ns 


tRD 

Data Valid from RD/INTA 


300 

ns 

CL = 100 pF 

*DF 

Data Float after RD/INTA 

20 

120 

ns 

CL = 100 pF 

CL= 20 pF 


WRITE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

l AW 

Ao Stable before WR 

0 


ns 


%A 

Aq Stable after WR 

220 


ns 


tew 

CS Stable before WR 

0 


ns 


twe 

CS Stable after WR 

0 


ns 


tww 

WR Pulse Width 

300 


ns 


tDW 

Data Valid to WR (T.E.) 

200 


ns 


tWD 

Data Valid after WR 

-20 


ns 



OTHER TIMINGS 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS 

t|W 

Width of Interrupt Request Pulse 

130 


ns 


t|NT 

INT t after IR t 

1.1 


ps 


tic 

Cascade Line Stable after INTA t 

500 


ns 
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INITIALIZATION SEQUENCE 



READ STATUS/POLL MODE 
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8279 

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 


■ Simultaneous Keyboard Display 
Operations 

■ Scanned Keyboard Mode 

■ Scanned Sensor Mode 

■ Strobed Input Entry Mode 

■ 8 Character Keyboard FIFO 

■ 2 Key or N Key Rollover with 
Contact Debounce 


■ Dual 8 or 16 Numerical Display 

■ Single 16 Character Display 

■ Right or Left Entry 16 Byte 
Display RAM 

■ Mode Programmable from CPU 

■ Programmable Scan Timing 

■ Interrupt Output on Key Entry 


Description 

The 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with the 8008, 
8080 and 8048/8748 microprocessors. The keyboard portion can provide a scanned interface to a 64 contact key matrix 
which can be expanded to 128. The keyboard portion will also interface to an array of sensors or a strobed interface 
keyboard, such as the Hall effect and Ferrite variety. Key depressions can be 2 key or N key rollover. Keyboard entries are 
debounced and stored in an 8 character FIFO. If more than 8 characters are entered, over run status is set. Key entries set 
the interrupt output line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent and other popular display technologies. 
Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 has a 16 x 8display 
RAM which can be organized into a dual 16 x 4. The RAM can be loaded or interrogated by the CPU. Both right entry, 
calculator and left entry typewriter display formats are possible. Both read and write of the display RAM can be done with 
auto-increment of the display RAM address. 
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8279 BASIC FUNCTIONAL DESCRIPTION 
Introduction 

Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit mocroprocessors such as the 8080. 

The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 8080 bus. 
The CPU can program all operating modes for the 8279. 
These modes include: 

Input Modes 

• Scanned Keyboard — with encoded (8x8x4 key 
keyboard) or decoded (4x8x4 key keyboard) scan 
lines. A key depression generates a 6-bit encoding of 
key position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key or N-key rollover. 


• Scanned Sensor Matrix — with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 

Output Modes 

• 8 or 16 character multiplexed displays that can be 
organized as dual 4-bit or single 8-bit. 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Programmable clock to match the 8279 scan times to 
the CPU cycle time. 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 



FIGURE 1. 8279 BLOCK DIAGRAM 
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Hardware Description 

The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 


No. Of 

Pins Designation Function 


8 DB0-DB7 


1 CLK 
1 RESET 
1 CS 

1 C/D 


2 RD, WR 


1 INT 


2 V SSi V CC 

4 S0-S3 


8 R0-R7 


1 SHIFT 


Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans¬ 
mitted on these lines. 

Clock from system used to gen¬ 
erate internal timing. 

A high signal on this pin resets 
the 8279. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 

Command/Data. A high on this 
line indicates the signals in or 
out are interpreted as a com¬ 
mand. A low indicates that they 
are data. 

Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 

Interrupt Output. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa¬ 
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and +5 ±10% power 
supply pins. 

Scan outputs which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en¬ 
coded (1 of 16) or decoded (1 of 
4). 

Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in¬ 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 

The shift input status is stored 
along with the key position on 
key closure in the Scanned 
Keyboard modes. 


No. Of 

Pins Designation 
1 CNTL/STB 


4 A0-A3 

4 B0-B3 


1 BD 


Function 


For keyboard modes this line is 
used as a control input and 
stored like status on a key clo¬ 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 

These two ports are the outputs 
for the 16 x 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (S0-S3) for multi¬ 
plexed digit displays. The two 4 
bit ports may be blanked inde¬ 
pendently. These two ports may 
also be considered as one 8 bit 
port. 

Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


Principles of Operation 

The following is a description of the major elementsof the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 

I/O Control and Data Buffers 

The I/O control section uses the CS, C/D, RD and WR lines 
to control data flow to and from the various internal 
registers and_buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by C/D. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus_ to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR*CS and output during 
RD *CS. 

Control and Timing Registers and Timing Control 

These registers storethe keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with C/D = 1 and then sen ding 
a WR. The command is latched on the rising edge of WR. 
The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a -f- N prescaler 
that can be programmed to match the CPU cycle time to 
the internal timing. The prescaler issoftware programmed 
to a value between 2 and 31. A value which yields an 
internal frequency of 100 kHz gives a 5.1 ms keyboard 
scan time and a 10.3 ms debounce time. The other 
counters divide down the basic internal frequency to 
provide the proper key scan, row scan, keyboard matrix 
scan, and display scan times. 


7-119 



8279 


Scan Counter 

The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

Return Buffers and Keyboard Debounce and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8x8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
C/D high. The status logic also provides an INT signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond¬ 
ing row of sensor in the sensor matrix. In this mode, INT is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 


Software Operation 

8279 Commands 

The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and C/D high and are loaded to the 8279 on the rising 
edge of WR. 

Keyboard/Display Mode Set 


MSB LSB 


E 

0 

E 

E 

E 

K 

0 

E 


Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 

0 0 8 8-bit character display — Left entry 

0 1 16 8-bit character display — Left entry* 

1 0 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 

0 0 0 Encoded Scan Keyboard — 2 Key Rollover* 

0 0 1 Decoded Scan Keyboard — 2-Key Rollover 

0 1 0 Encoded Scan Keyboard — N-Key Rollover 

0 11 Decoded Scan Keyboard — N-Key Rollover 

1 0 0 Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 0 Strobed Input, Encoded Display Scan 

1 1 1 Strobed Input, Decoded Display Scan 

Program Clock 


E 

E 

E 

E 

E 

E 

E 

0 


Where PPPPP is the prescaler value 2 to 31. The 
programmable prescaler divides the external clock by 
PPPPP to get the basic internal frequency. Choosing a 
divisor that yields 100 KHz will give the specified scan and 
debounce times. Default after a reset pulse (but not a 
program clear) is 31. 

Read FIFO/Sensor RAM 


Code: 


E 

□ 

E 

Al 

E 

E 


0 


X = Don’t Care 


Where Al is the Auto-Increment flag for the Sensor RAM 
and AAA is the row that is going to be read by the CPU. Al 
and AAA are used only if the mode is set to Sensor Matrix. 
This command is used to specify that the source of data 
reads (CS*RD*CD) by the CPU is the FIFO/Sensor 
RAM. No additional commands are necessary as long as 
*Default after reset. 
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data is desired from the FIFO/Sensor RAM. Another 
command is necessary if reading is desired from a 
different row than has been selected. If Al is a one, the row 
select counter will be incremented after each read so the 
next read will be from the next Sensor RAM row. 

In the Auto Increment mode for reading data from the 
FIFO/Sensor RAM, each read advances the address by 
one so that the next read is from the next character. This 
Auto Incrementing has no effect on the display. 

Read Display RAM 


E 

0 

0 

Al 

0 

0 

e 

a 


clear all positions of the Display RAM to a programmable 
code. All ones, all zeros and hexadecimal 20 are possible. 
The 2 least significant bits of C D are also used to specify 
the blanking code (see below). . ... 

Cq Cq Cq H 

A 1 —i— 1 

0 X All Zeros (X = Don't Care) 

1 0 Hex 20 (0010 0000) 

1 1 All Ones 

-Enable clear display when =1 (or by Ca = 1) 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to read 
next. Since the CPU uses the same counter for reading 
and writing, this command also sets the next write location 
and Auto-Increment mode. This command is used to 
specify the display RAM as the data source for CPU data 
reads. If Al is set, the character address will be 
incremented after each read (or write) so that the next 
read (or write) will be from (to) the next character. 

Write Display RAM 


E 

0 

0 

Al 

0 

0 


a 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to write 
next. The addressing and Auto-Increment are identical to 
Read Display RAM. The difference is that Write Display 
RAM does not affect the source of CPU reads. The CPU 
will read from whichever RAM (Display or FIFO/Sensor) 
was last specified. This command will, however, change 
the location the next Display RAM read will be from if that 
source was specified. 

Display Write Inhibit/Blanking 


Code: 

□ 

a 

□ 

0 

IW 

IW 

BL 

BL 






A 

B 

A 

B 


Where IW is Inhibit Writing (nibble A or B) and BL is 
Blanking (nibble A or B). If the display is being used as a 
dual 4-bit display, then it is necessary to mask one of the 4- 
bit halves so that entries to the Display from the CPU do 
not affect the other half. The IW flags allow the 
programmer to do this. It is also useful to be able to blank 
either half when that half is not to be displayed. The BL 
flags blank the display. The next command setstheoutput 
code to be used as a “blank”. Default after reset is all zeros. 
Note that to blank a display formatted as a single 8-bit 
output, it is necessary toset both BLflagstoentirely blank 
the display. A “1” sets the flag. Reissuing the command 
with a “0" resets the flag. 


Clearing the display takes one display scan. During this 
time the CPU cannot write to the Display RAM. The MSB 
of the FIFO status word will be set during this time. 

C F set the FIFO status to empty and resets the interrupt 
output line. After execution of a clear command with C F 
set, the Sensor Matrix mode RAM pointerwill besetto row 
0. 

C A has the combined effect of Cq and C F . C A uses the C D 
clearing code to determine how to clear the Display RAM. 
C A also resets the internal timing chain to resynchronize 
it. 

End Interrupt/Error Mode Set 


Code: 


E 

0 

0 

E 

0 

0 

0 

0 


X = Don’t care. 


For the sensor matrix modes this command lowers the INT 
line and enables further writing into RAM. (The INT line 
would have been raised upon the detection of a change in 
a sensor value. This would have also inhibited further 
writing into the RAM until reset.) 

For the N-key rollover mode — if the E bit is programmed 
to “1” the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error, and 
display unavailable signals. Thisword is read by the CPU 
when C/D is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 

Data is read when C/D, CS and RD are all low. Thesource 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Clear 

Code: 


□ 

□ 

0 

C D 


C D 

C F 

C A 


Where C D is Clear Display, C F is Clear FIFO Status 
(including interrupt), and C A is Clear All. C D is used to 


Data Write 

Data that is written with C/D, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 

A. Scanned Keyboard Mode, 2-Key Rollover 

There are three possible combinations of conditions that 
can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. A full scan of the 
keyboard is ignored, then other depressed keys are 
looked for. If none are encountered, it is a single key 
depression and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If the FIFO 
was empty, INT will be set to signal the CPU that there is 
an entry in the FIFO. If the FIFO was full, the key will not be 
entered and the error flag will be set. If another closed 
switch is encountered, no entry to the FIFO can occur. If 
all other keys are released before this one, then it will be 
entered to the FIFO. If this key is released before any 
other, it will be entirely ignored. A key is entered to the 
FIFO only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will be 
recognized until one key remains depressed alone. The 
last key will be treated as a single key depression. 

B. Scanned Keyboard Mode, N-Key Rollover 

With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

C. Scanned Keyboard — Special Error Modes 

For N-key rollover mode the user can program a special 
error mode. This is done by the “End Interrupt/Error Mode 
Set” command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle , two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See “FIFO STATUS” for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Of = 1. 


D. Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 
The INT line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The INT line is 
cleared by the first Data Read Command if the Auto- 


Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 

E. Data Format 

In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch in 
the keyboard plus the status of the CNTL and SHIFT lines. 
CNTL is the MSB of the character and SHIFT is the next 
most significant bit. The next three bits are from the scan 
counter and indicate the row the key was found in. The last 
three bits are from the column counter and indicate to 
which return line the key was connected. 

In Sensor Matrix mode, the data on the return lines is’ 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 

In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 


F. Display 
Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 



0 

i 

14 

15- 

1st entry | 

□ 


□ 

□ 


0 

i 

14 

15 

2nd entry | 

E 

s 

_ 

□ 

□ 


0 

i 

14 

15 

16th entry | 

E 

2 


E 

16 


0 

1 

14 

15 

17th entry | 

E 

2 


E 

16 


0 

1 

14 

15 

18th entry j 

E 

18 


E 

16 


Display 

RAM 

Address 


LEFT ENTRY MODE 
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Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 


In the Right Entry mode, Auto Increir^hfjrig^M non 
Incrementing have the same effect as in^tH^llftrary 
except if the address sequence is interrupted; 

■ o t \ 

1 2 3 4 5 6 7 0 Display 


16th entry 


m:: 

2 3 

m:: 

3 4 

lh:: 

0 1 _ 

1 dill I 

12 _ 
| 2 | 3 | 

2 3 

Hu:: 


14 15 OnDisplay 

i i m ram 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 


2 3 4 5 6 7 0 1 


2 3 4 5 6 7 0 1 


Command 

10010101 


Enter next at Location 5 Auto Increment 


3 4 5 6 7 0 1 2 


4 5 6 7 0 1 2 3 

4th entry I I 3 I 4 I [ 1 I 2 I j 1 


Starting at an arbitrary location operates as shown below: 


Command 

10010101 


0 1 2 3 4 5 6 7**— Display 

—------- RAM 

11111 111 Address 

Enter next at Location 5 Auto Increment 


1 2 3 4 5 6 7 0 


2 3 4 5 6 7 0 1 


8th entry 4 5 6 7 81 2 3 


9th entry 5 6 7 8 9 2 3 4 


1st entry 1 


0 1 2 3 4 5 6 7*^— Display 

71 RAM 

—-----—I—I Address 


0 1 2 3 4 5 6 7 

2nd entry 1 2 

0 1 2 3 4 5 6 7 

Command 1 2 

10010101 ———————— 

Enter next at Location 5 Auto Increment 

0 1 2 3 4 5 6 7 


3rd entry 12 


0 1 2 3 4 5 6 7 


4th entry 12 


Entry appears to be from the initial entry point. 


8/16 Character Display Formats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 
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The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 

In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indication 
is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the error flag 
and serves as an indication to whether a simultaneous 
multiple closure error has occurred. 


'ftK 

^5 


FIFO STATUS WORD 
i -FIFO Full 


XT 


D u 

S/E 0 U 

0 

Ji 

JL 

0 


%:% 

c > ( 

Number of 
characters in FIFO 


*- Error-Underrun 

- Error-Overrun 

- Sensor Closure/Error Flag for 

Multiple Closures 
- Display unavailable 


APPLICATIONS 



FIGURE 2. GENERAL BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature . 0°Cto70°C 

Storage Temperature.-65°C to 1 25°C 

Voltage on any Pin with 

Respect to Ground . -0.5V to +7V 

Power Dissipation.1 Watt 



'COMMENT 

Stresses above those fisted under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


D.C. and OPERATING CHARACTERISTICS 

T a = 0°C to 70° C, V cc = +5V ±10%, V ss = 0V 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

V 0 L 

Output Low Voltage 



0.45 

V 

I 0 l = 2.2 mA 

VOH 

Output High Voltage 

2.4 



V 

I O h=-400 pA 

V,LV 

Input Low Voltage (for all inputs 
but R's) 

Vss-0.5 


0.8 

V 


V IL2 

Input Low Voltage for Return Lines 

Vss-0.5 


1.4 

V 


V| H 

Input High Voltage 

2.0 



V 


1 1 La 

Input Leakage Current 



±10 

MA 

Vin=V CC 

If L 

Output Float Leakage 



±10 

mA 

V in =Vcc or V in =V S s+.45V 

<cc 

Power Supply Current 



120 

mA 


1 ILL 

Input Leakage Current on Return Lines, 
Shifts and Control 



+10 

-100 

mA 

mA 

V in =Vcc 

Vin=V SS 

V OHL 

Output High Voltage on Interrupt Line 

3.5 



V 

l O H=-100 pA 
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A.C. CHARACTERISTICS * 

T a = 0° to 70° C, V cc = ±10%, V ss = ov ' * 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST CONDITIONS . ' 

tRCY 

Read Cycle Time 

1000 


nsec 


tRD 

IOR to Data Out Stable 


150 

nsec 

100 pF on Data Bus 

tCD 

CS to Data Out Stable 


250 

nsec 

100 pF on Data Bus 

*CR 

C/D to IOR Set Up Time 

0 


nsec 


*RC 

C/D to IOR Hold Time 

0 


nsec 


*DW 

Data Set Up to IOW Trailing Edge 

150 


nsec 


tew 

C/D Set Up to IOW 

0 


nsec 


t W W 

IOW Pulse Width 

250 


nsec 


twe 

C/D Hold from IOW 

0 


nsec 


tWD 

Data Hold from IOW 

-20 


nsec 


t0W 

Clock Pulse Width 

120 


nsec 


tcY 

Clock Period 

320 


nsec 


teSR 

CS Stable before IOR 

0 


nsec 


tRCS 

CS Hold after IOR 

0 


nsec 


tRR 

IOR Width 

300 


nsec 


tCDD 

C/D to Data Output Stable 


250 

nsec 

C L =100 pF 

tRDF 

Data Float after IOR 


100 

nsec 

C L =100 pF 

10 


nsec 

C L =15 pF 

tesw 

CS Stable before IOW 

0 


nsec 


twes 

CS Hold from IOW 

0 


nsec 



CAPACITANCE 


SYMBOL 

TEST 

TYP. 

MAX. 

UNIT 

TEST CONDITIONS 

Cin 

Input Capacitance 

5 

10 

pF 

V in =Vcc 

Gout 

Output Capacitance 

10 

20 

pF 

Vout=V CC 


A.C. TEST CONDITIONS 

Output Load. 1 TTL Gate, and C|_qad = 100 pF 

Keyboard Scan Time: 

5.1 msec 

Input Pulse Levels. 

. 0.8 to 2.0V 

Keyboard Debounce Time: 

10.3 msec 

Input Pulse Rise and Fall Times. 

. . (10% to 90%) 20 nS 

Key Scan Time: 

80 /isec 

Timing Measurement Reference Level 


Display Scan Time: 

10.3 msec 

Input. 

. 1.5V 

Digit-on Time: 

480 /isec 

Output. 

. 0.45V to 2.2V 

Blanking Time: 

160 /isec 



Internal Clock Cycle: 

10 /isec 
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APPENDIX 1 

PACKAGING INFORMATION 



Intel 





Number 



Product 


Standard 


of 



Number 

Package Type 

Pins 

Comments 

Microcomputers 

8048 



D 

P 

mm 

Available 2Q 1977 


8748 

B 




■mm 



8035 



D 

p 

KM 


Memory and I/O 

8355 



D 

P 

■Bi 


Expanders 

8755 


c 



WEM 



8155 



D 

p 

MM 


I/O Expander 

8243 



D 

p 

mm 

Available IQ 1977 

Standard ROMs 

8308 



D 

P 

MM 



8316 A 


c 

D 

p 

El 


Standard EPROM 

8708 

B 

24 


Standard RAMs 

8111A-4 


c 

D 

P 

18 



8101A-4 

B 

c 


p 

22 



5101 

B 



p 

24 


Standard I/O 

8212 



D 

p 

24 



8255 


c 


p 

40 



8251 


c 

D 

p 

28 


Standard Peripherals 

8205 



D 

P 

16 



8214 



D 

P 

24 



8216 



D 

p 

16 



8226 



D 

P 

16 



8253 


c 



24 



8259 



D 

P 

28 



8279 



D 


40 



B = Black Ceramic C = Ceramic D = Ceramic DIP P = Plastic 


am 


























PACKAGING INFORMATION All dimensions in inches and (millimeters) 


16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.325 

H—MAX.—H 
(8.255) 



L 008 (0.203) 

.400 
” .300 
(10.16) 
(7.62) 


16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.200 

SEATING MAX. (5 080) 
PLANE 


J |-*J U-.065 (1.651) 

U- ^oTToTeF 

,C.CO D , . U3U ^ ' ' 



T J70 (4.318) 
1 .140 (3.556) 


|_.015 MIN. 
' [l (0.381) 

JL .023 (0,584) 
.014 (0.356) 


.325 



(10.16) 

(7.62) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


18-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 



.920 (23.368) 
.890 (22.606) 



.325 

r - MAX.—H 
(8.255) | 



(10.16) 

(7.62) 


18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





.325 



(10.16) 

(7.62) 


18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 




.920 (20.820) 

— PIN 1 MARK 

.880 (19.812) 

_PIN_1 



< 

fl 

1 .305 (7.747) 

| .275 (6.985) 

Li 


.100 (2.54) 



A1-3 






PACKAGING INFORMATION All dimensions in inches and (millimeters) 


22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 






(9.652) 


22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.425 

- MAX. - 
(10.795) 


.015 (0.381) 
!008 (0.203) 


.500 (12.7) 
.400 (10.16) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.625 

I-*- MAX. —►] 
(15.875) 



.700 (17.78) 
.600 (15.24) 


24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C OR H* 





mm: 



.110(2.794 ) 

.090 (2.286) 

•TYPE H WITH TRANSPARENT LID 


.065 (1.651) 
'.035 ( 0.889) 


L-015MIN. 

| (0.381) 

JL .023 (0.584 ) 
1 .014 (0.356) 



.680 (7.272) 
.580 (14.732) 


24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 




.630 (16.002) 
• MAX.—* 


-S 


,015 (0.381) 

- .008 (0.203) j 

1^.700 (17.78) r I 


24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



1.230 (31.242) 



.220 

SEATING MAX.' 

PLANE 100 T( 2 .54o)| 

MIN. J___L _ 

■ 110 (2.794) 

.090 (2.286) 



(«*— MAX. — 
(15.875) 

* tH3 

(.TRRfi) |l II | 

^.015 MIN. 

1/ .015 (0.381)1 
T^.008 (0.203)* 

(0.381) 


.*-.023 (0.584) 

1.700 (17.78) J 

.014 (0.356) 

.600 (15.24) ~ 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 





(15.24) 


28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 





110 (2.794) 1 I 

.090 (2.286) 


625 

MAX. -*i 
(15.875) 



(17.78) 

(15.24) 


28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 



SEATING 

PLANE 



A1-6 










PACKAGING INFORMATION All dimensions in inches and (millimeters) 


40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 




.625 


-— MAX. —•> 
(15.875) 

i 

| 

1 

1 .700 (17.78) 

1 H-* L 

t ; \ 

,.015 (0.381) 
.008 (0.203) 1 


r *~ 600 (15.24) 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 



2 070 (52 578) 



SEATING 

PLANE 



—, JLL 

.090(2.286) 



.625 



(17.78) 

(15.24) 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE COR H* 



2.025 (51.435 ) 




•TYPE H WITH TRANSPARENT LID 


A1-7 




APPENDIX 2 

ORDERING INFORMATION 


Semiconductor components are ordered as follows: 


Up to three character 
modifier for power, speed, 
processing, etc. 

Package Type 

B — Hermetic Package, Type B 
C — Hermetic Package, Type C 
D — Hermetic Package, Type D 

H — Hermetic Package, Type C with 
Transparent Window for EPROMs 

P — Plastic Package 


Four or five digit 
device type 


Examples 

P5101L CMOS 256 x 4 RAM, low power selection 
plastic package 

D8048 8048 Microcomputer, hermetic package Type D 

The latest Intel price book should be consulted for availability of various options. 
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NOTES 



NOTES 


NOTES 



NOTES 



NOTES 



NOTES 



NOTES 



NOTES 


NOTES 



NOTES' 


NOTES 



intel' 

Santa Clara, California 95051 SALES AND MARKETING OFFICES 

Tel: (408) 246-7501 
TWX: 910-338-0026 
TELEX: 34-6372 


U.S. AND CANADIAN SALES 

ALABAMA 

Glen White Associates 
7844 Horseshoe Trail 
Huntsville 35802 
Tel: (205) 883-9394 

ARIZONA 

Sales Engineering, Inc. 

7155 E. Thomas Road, No. 6 
Scottsdale 85252 
Tel: (602) 994-3230 
TWX: 910-950-1288 

CALIFORNIA 

Intel Corp.* 

990 E. Arques Ave. 

Suite 112 
Sunnyvale 94086 
Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-1 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Earle Associates, Inc. 

4433 Convoy Street 
Suite A 

San Diego 92111 
Tel: (714) 278-5441 
TWX: 910-335-1585 
Intel Corp.* 

1651 East 4th Street 
Suite 228 
Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 

COLORADO 

Intel Corp. 

12075 East 45th Avenue 
Suite 310 
Denver 80239 
Tel: (303) 373-4920 
TWX: 910-932-0322 

CONNECTICUT 
Intel Corp. 

8 Mill Plain Road 
Danbury 06810 
Tel: (203) 792-8366 


OFFICES 

FLORIDA 

Intel Corp. 

2020 W. McNab Road, Suite 104 
Ft. Laucerdale 33309 
Tel: (305) 971-7200 
TWX: 510-956-9407 
Intel Corp. 

5151 Adanson Street, Suite 200-3 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810-853-9219 

ILLINOIS 

Intel Corp.* 

1000 Jorie Boulevard 
Suite 224 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910-651-5881 

IOWA 

Technical Representatives, Inc. 
1703 Hillside Drive 
Cedar Rapids 
Tel: (319) 396-5662 

KANSAS 

Technical Representatives, Inc. 

801 Clalrborne 

Olathe 66061 

Tel (913) 782-1177 

TWX: 910-749-6412 

MARYLAND 

Glen White Associates 
57 West Timonium Road 
Timonium 21093 
Tel: (301) 252-7742 
Intel Corp.* 

57 West Timonium Road 
Suite 307 
Timonium 21093 
Tel: (301) 252-7742 
TWX: 710-232-1807 

MASSACHUSETTS 
Intel Corp.* 

187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 861-1136 
TWX: 710-343-6333 


MICHIGAN 

Intel Corp. 

725 South Adams Road 
Suite 288 
Birmingham 48011 
Tel: (313) 642-7018 
TWX: 910-420-1212 
TELEX: 2 31143 

MINNESOTA 

Intel Corp. 

675 Southgate Office Plaza 
5001 West 80th Street 
Bloomington 55437 
Tel: (612) 835-6722 
TWX: 910-576-2867 

MISSOURI 

Technical Representatives, Inc. 
Trade Center Bldg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 
Tel: (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 

Intel Corp. 

2 Kilmer Road 
Edison 08817 
Tel: (201) 985-9100 
TWX: 710-480-6238 

NEW YORK 

Intel Corp.* 

6901 Jericho Turnpike 
Syosset 11791 
Tel: (516) 364-9860 
TWX: 510-221-2198 
Intel Corp. 

474 Thurston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International* 

Rue du Moulin 8 Papier 
51-Boite 1 
B-1160 Brussels 
Tel: (02) 660 30 10 
TELEX:24814 


FRANCE 

Intel Corporation, S.A.R.L. 
74, Rue D'Arcueil 
Silic 223 

94528 Rungis Cedex 
Tel: (01) 687 22 21 
TELEX:270475 


SCANDINAVIA 

Intel Scandinavia A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 

Tel: (01) 18 20 00 
TELEX: 19567 
Intel Sweden AB* 

Box 86 

S-16212 Vallingby 1 
Sweden 

Tel: (08) 37 53 70 
TELEX: 13164 (ABCENT) 


NEW YORK (cont.) 

T-Squared 
3522 James Street 
Syracuse 13206 
Tel: (315) 463-8592 
TWX: 710 541-0554 
T-Squared 
640 Craig Road 
P.O. Box W 
Pittsfcrd 14534 
Tel: (716) 381-2551 
TELEX: 97-8289 
Intel Corp. 

55 Market Street 
Poughkeepsie, New York 12601 
Tel: (914)473-2303 
TWX: 510-248-0060 

NORTH CAROLINA 

Glen White Associates 
913 Plateau Lane 
Raleigh 27609 
Tel: (919) 876-5617 

OHIO 

Intel Corp.* 

8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TELEX: 288-004 
Intel Corp.’ 

26250 Euclid Ave. 

Suite 531F 
Euclid 44132 
Tel: (216) 289-0101 

PENNSYLVANIA 

Intel Corp.* 

520 Pennsylvania Ave. 

Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-0709 


ENGLAND 

Intel Corporation (U.K.) Ltd.* 
Broadfield House 
4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 
TELEX:837203 
Intel Corporation (U.K.) Ltd. 
46-50 Beam Street 
Nantwich, Cheschire CW5 5LJ 
Tel: (0270) 62 65 60 
TELEX:36620 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East Bldg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: (03)426-9261 
TELEX: 781-28426 


HONG KONG 

Qi (Far East) Ltd. 

Tak Yan Commercial Bldg. 6th floor 

30-32 D'Aguilar Street, Central 

Hong Kong 

Tel: 5-260311 

TELEX: 83138 JADE HX 


TAIWAN 

Taiwan Automation Co.* 
6th Floor, 18-1, Lane 14 
Chi-Lin Road 
Taipei 

Tel: (02) 551726-9 
TELEX: 11942 TAIAUTO 


TAIWAN (cont.) 
Asionics-Taiwan, Inc. 

205 Pa-Teh Road, Section 4 
Taipei 

Tel: 75 55 82 
TELEX: 22158 Asionics 


INTERNATIONAL DISTRIBUTORS 

FINLAND 


AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 

Prospect 5082 
South Australia 
Tel: 269-1244 
TELEX:82635 

AUSTRIA 

Bacher Elektronische Gerate GmbH 
Meidlinger Hauptstrasse 78 
A 1120 Vienna 
Tel: (0222) 83 63 96 
TELEX: (01) 1532 

BELGIUM 

Inelco Belgium S.A. 

Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel: (02) 660 00 12 
TELEX:25441 

DENMARK 

Scandinavian Semiconductor 
Supply A/S 
Nannasgade 18 
DK-2200 Copenhagen N 
Tel: (01) 93 50 90 
TELEX:19037 


Oy Fintronic AB 
Karjalankatu 2C, 

SF 00520 
Helsinki 52 
Tel: (90) 664 451 
TELEX:12426 

FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX:250997 

GERMANY 

Alfred Neye Enatachnik GmbH 

Schillerstrasse 14 

D-2085 Quickborn-Hamburg 

Tel: (04106)6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Neumarketer Strasse 75 

D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX: 484426 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 

TELEX:484426 


HONG KONG 

ASTEC International 
Keystone House, 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687760 
TELEX: 74899 ASCOM 

ISRAEL 

Eastronics Ltd.* 

11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 
Tel: 475151 
TELEX: 33638 

ITALY 

Eledra 3S S.P.A. 

Viale Elvezia, 18 
20154 Milan. 

Tel: (02) 3493041 
TELEX: 39332 
Eledra 3S S.P.A. 

Via Giuseppe Valmarana, 63 

00139 Rome, Italy 

Tel: (06) 81 27 290 - 81 27 324 

JAPAN 

Pan Electron 
No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 
Ryoyo Electric Corp. 

Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 
Tel: (03) 543-7711 


NETHERLANDS 

Inelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX:14622 

NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-Oslo 2 

Tel: (02) 55 38 93 
TELEX:16963 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX:30181 

SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 
Tel: 30' 78 51 

SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX:10547 


TENNESSEE 

Glen White Associates 
206 Chickasaw Drive 
Johnson City 37601 
Tel: (615) 928-0184 

TEXAS 

Evans & McDowell Associates 

13777 N. Central Expressway 

Suite 405 

Dallas 75231 

Tel: (214) 238-7157 

TWX: 910-867-4763 

Evans & McDowell Associates 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel: (713) 783-2900 

Intel Corp.* 

6350 L.B.J. Freeway 
Suite 178 
Dallas 75240 
Tel: (214) 661-8829 
TWX: 910-860-5487 

VIRGINIA 

Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 846-4624 

WASHINGTON 

E.S./Chase Co. 

P.O. Box 80903 
Seattle 98108 
Tel: (206) 762-4824 
Twx: 910-444-2298 


CANADA 

Intel Corp. 

70 Chamberlain Ave. 
Ottawa, Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multilek, Inc. 

4 Barren Street 
Ottawa, Ontario K2J 1G2 
Tel: (613) 825-4695 
TELEX: 053-4585 


GERMANY 

Intel Semiconductor GmbH* 
Seidlstrasse 27 
8000 Muenchen 2 
Tel: (089) 55 81 41 
TELEX:523177 
Intel Semiconductor GmbH 
D-6272 Niedernhausen 
Wiesenweg 26 
Tel: (06127) 2314 
TELEX: 04186183 
Intel Semiconductor GmbH 
D-7000 Stuttgart 80 
Ernsthaldenstrasse 17 
Tel: (0711) 7351506 
TELEX: 7255346 


SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck 80-21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX:56788 
UNITED KINGDOM 
Rapid Recall, Ltd. 

11-15 Betterton Street 

Drury Lane 

London WC2H 9BS 

Tel: (01) 379-6741 

TELEX: 28752 

G.E.C. Semiconductors Ltd. 

East Lane 

Wembley HA9 7PP 

Middlesex 

Tel: (01) 904-9303 

TELEX:923429 

Jermyn Industries 

Bestry, Sevenoaks Road 

Sevenoaks, Kent. 

Tel: (0732) 51174 
TELEX:95143 


♦Field Application Location 



U.S. AND CANADIAN DISTRIBUTORS 


iny 


3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 246-7501 
TWX: 910-338-0026 
TELEX: 34-6372 

U.S. AND CANADIAN DISTRIBUTORS 


ALABAMA 

(Hamilton/Avnet Electronics 
805 Oser Drive NW 
Huntsville 35805 
Tel: (205) 533-1170 

ARIZONA 

Hamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7851 
Liberty/Arizona 
3130 N. 27th Avenue 
Phoenix 85107 
Tel: (602) 257-1272 
TELEX: 910-951-4282 

CALIFORNIA 

(Hamilton/Avnet Electronics 

575 E. Middlelield Road 

Mountain View 94040 

Tel: (415) 961-7000 

(Hamilton/Avnet Electronics 

8917 Complex Drive 

San Diego 92123 

Tel: (714) 279-2421 

(Hamilton Electro Sales 

10912 W. Washington Boulevard 

Culver City 90230 

Tel: (213) 558-2121 

(Cramer/San Francisco 

720 Palomar Avenue 

Sunnyvale 94086 

Tel: (408) 739-3011 

(Cramer/Los Angeles 

1720 Daimler Street 

Irvine 92705 

Tel: (714) 979-3000 

(Liberty Electronics 

124 Maryland Street 

El Segundo 90245 

Tel: (213) 322-8100 

Tel: (714) 638-7601 

TWX: 910-348-7140 

Liberty/San Diego 

8248 Mercury Court 

San Diego 92111 

Tel: (714) 565-9171 

TELEX: 910-335-1590 

Elmar Electronics 

2288 Charleston Road 

Mountain View 94040 

Tel: (415) 961-3611 

TELEX: 910-379-6437 

COLORADO 

Cramer/Denver 

5465 E. Evans PI. at Hudson 

Denver 80222 

Tel: (303) 758-2100 

Elmar/Denver 

6777 E. 50th Avenue 

Commerce City 80022 

Tel: (303) 287-9611 

TWX: 910-936-0770 

(Hamilton/Avnet Electronics 

5921 No. Broadway 

Denver 80216 

Tel: (303) 534-1212 

CONNECTICUT 
Cramer/Connecticut 
35 Dodge Avenue 
North Haven 08473 
Tel: (203) 239-5641 
Hamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 

FLORIDA 

Cramer/E.W. Hollywood 
4035 No. 29th Avenue 
Hollywood 33020 
Tel: (305) 923-8181 
(Hamilton/Avnet Electronics 
4020 No. 29th Ave. 

Hollywood 33021 
Tel: (305) 925-5401 
(Cramer/EW Orlando 
345 No. Graham Ave. 

Orlando 32814 
Tel: (305) 894-1511 

GEORGIA 

Cramer/EW Atlanta 
3923 Oakciifl Industrial Center 
Atlanta 30340 
Tel: (404) 448-9050 
Hamilton/Avnet Electronics 
6700 I 85, Access Road, Suite 2B 
Norcross 30071 
Tel: (404) 448-0800 


ILLINOIS 

(Cramer/Chicago 
1911 So. Busse Rd. 

Mt. Prospect 60056 
Tel: (312) 593-8230 
(Hamilton/Avnet Electronics 
3901 No. 25th Ave. 

Schiller Park 60176 
Tel: (312) 678-6310 

INDIANA 

Pioneer/Indiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
Sheridan Sales Co. 

8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 

Hamilton/Avnet Electronics 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa 66215 
Tel: (913) 888-8900 

MARYLAND 

Cramer/EW Baltimore 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5790 
(Cramer/EW Washington 
16021 Industrial Drive 
Gaithersburg 20760 
Tel: (301) 948-0110 
(Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5000 
Pioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

(Cramer Electronics Inc. 

85 Wells Avenue 

Newton 02159 

Tel: (617) 969-7700 

(Hamilton/Avnet Electronics 

100 E. Commerce Way 

Woburn 01801 

Tel: (617) 933-8000 

MICHIGAN 

Sheridan Sales Co. 

24543 Indoplex Drive 
Farmington Hills 48024 
Tel: (313) 477-3800 
(Pioneer/Michigan 
13485 Stamford 
Livonia 48150 
Tel: (313) 729-8500 
(Hamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

MINNESOTA 

(Industrial Components 

5280 West 74th Street 

Minneapolis 55435 

Tel: (612) 831-2666 

Cramer/Bonn 

7275 Bush LaKe Road 

Edina 55435 

Tel: (612) 835-7811 

(Hamilton/Avnet Electronics 

7683 Washington Avenue So. 

Edina 55435 

Tel: (612) 941-3801 

MISSOURI 

(Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood 63042 
Tel: (314) 731-1144 

NEW JERSEY 

Cramer/Pennsylvania, Inc. 

12 Springdale Road 
Cherry Hill Industrial Center 
Cheriy Hill 08003 
Tel: (609) 424-5993 
TWX: 710-896-0908 
(Hamilton/Avnet Electronics 
218 Little Falls Road 
Cedar Grove 07009 
Tel: (201) 239-0800 
TWX: 710-994-5787 
Cramer/New Jersey 
No. 1 Barrett Avenue 
Moonachie 07074 
Tel: (201) 935-5600 


NEW JERSEY (cont.) 

(Hamilton/Avnet Electronics 

113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel 08057 

Tel: (609) 234-2133 

TWX: 710-897-1405 

NEW MEXICO 

Hamilton/Avnet Electronics 
2450 Baylor Drive. S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 
Cramer/New Mexico 
137 Vermont, N.E. 

Albuquerque 87108 
Tel: (505) 265-5767 

NEW YORK 

Cramer/Rochester 
3000 Winton Road South 
Rochester 14623 
Tel: (716) 275-0300 
(Hamilton/Avnet Electronics 
167 Clay Road 
Rochester 14623 
Tel: (716) 442-7820 
(Cramer/Syracuse 
6716 Joy Road 
East Syracuse 13057 
Tel: (315) 437-6671 
(Hamilton/Avnet Electronics 
6500 Joy Road 
E. Syracuse 13057 
Tel: (315) 437-2642 
(Cramer/Long Island 
29 Oser Avenue 
Hauppauge, L.l. 11787 
Tel: (516) 231-5600 
TWX: 510-227-9863 
(Hamilton/Avnet Electronics 
70 State Street 
Westbury, L.l. 11590 
Tel: (516) 333-5800 
TWX: 510-222-8237 

NORTH CAROLINA 

Cramer Electronics 
938 Burke Street 
Winston-Salem 27102 
Tel: (919) 725-8711 
Pioneer/Carolina 
2906 Baltic Avenue 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 

OHIO 

(Hamilton/Avnet Electronics 

118 Westpark Road 

Dayton 45459 

Tel: (513) 433-0610 

TWX: 810-450-2531 

t Pioneer/Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513) 236-9900 

(Sheridan Sales Co. 

10 Knollcrest Drive 
Cincinnati 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 
(Pioneer/Cleveland 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
(Hamilton/Avnet Electronics 
761 Beta Drive 
Cleveland 44143 
Tel: (216) 461-1400 
Sheridan Sales Co. 

23224 Commerce Park Road 
Beachwood 44122 
Tel: (216) 831-0130 
Sheridan Sales Co. 

Shiloh Building. Suite 250 
5045 North Main Street 
Dayton 45405 
Tel: (513) 277-8911 

OKLAHOMA 

Components Specialties, Inc. 
7920 E. 40th Street 
Tulsa 74145 
Tel: (918) 664-2820 

OREGON 

Almac/Stroum Electronics 
4475 S.W. Scholls Ferry Rd. 
Portland 97225 
Tel: (503) 292-3534 

PENNSYLVANIA 

Sheridan Sales Co. 

1717 Penn Avenue, Suite 5009 

Pittsburgh 15221 

Tel: (412) 244-1640 

Pioneer/Pittsburgh 

560 Alpha Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 


PENNSYLVANIA (conL) 
Pioneer/Delaware 
203 Witmer Road 
Horsham 19044 
Tel: (215) 647-5710 
TWX: 510-665-6778 

TEXAS 

Cramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel: (214) 661-9300 

(Hamilton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

Tel: (214) 661-8661 

(Hamilton/Avnet Electronics 

1216 W. Clay 

Houston 77019 

Tel: (713) 526-4661 

Component Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214) 357-6511 

(Component Specialties, Inc. 

7313 Ashcroft Street 

Houston 77036 

Tel: (713) 771-7237 

UTAH 

Hamilton/Avnet Electronics 
647 W. Billinis Road 
Salt Lake City 84119 
Tel: (801) 262-8451 

WASHINGTON 

(Hamilton/Avnet Electronics 
13407 Northrup Way 
Bellevue 98005 
Tel: (206) 746-8750 
(Almac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206) 763-2300 


CANADA 

ALBERTA 

L. A. Varah Ltd. 

4742 14th Street N.E. 

Calgary T2E 6LT 
Tel: (403) 276-8818 
Telex: 13 825 89 77 
BRITISH COLUMBIA 
(L.A. Varah Ltd. 

2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 
Telex: 04 53167 

ONTARIO 

Hamilton/Avnet Electronics 
6291-16 Dorman Road 
Mississauga L4V 1H2 
Tel: (416) 677-7432 
TWX: 610-492-8867 
Hamilton/Avnet Electronics 
1735 Courtwood Cresc. 

Ottawa K2C 2B4 
Tel: (613) 226-1700 
TWX: 610 562-1906 
Zentronics 

141 Catherine Street 
Ottawa, Ontario K2P 1C3 
Tel: (613) 238-6411 
Zentronics 

185 Bridgeland Avenue 
Toronto, Ontario M6A 1Z3 
Tel: (416) 787-1271 
Telex: 02-021694 

QUEBEC 

tHamilton/Avnet Electronics 

2670 Paulus 

St. Laurent H4S 1G2 

Tel: (514) 331-6443 

TWX: 610-421-3731 

Zentronics 

8146 Montview Road 

Town of Mount Royal. Montreal 

Quebec H4P 2L7 

Tel: (514) 735-5361 

Telex: 05-827535 

MANITOBA 

L.A. Varah Ltd. 

153 Corbett Drive 
Winnipeg R2Y 1V4 
Tel: (204) 889-9607 
L. A. Varah, Ltd. 

1832 King Edward Street 
Winnipeg R2R 0N1 
Tel: (204) 633-6190 
Telex: 07-55365 


f Intellec® Development 
System Centers 



HEXADECIMAL INSTRUCTION CODES 


ACCUMULATOR 


• ADD A,R r 

6* 

• ADD A,@R0 

60 

R1 

61 

• ADD A,#data 

03 

• ADDC A,R r 

1 * 

• ADDC A,@R0 

70 

R1 

71 

• ADDC A,#data 

13 

ANL A,R r 

5* 

ANL A,@R0 

50 

R1 

51 

ANL A,#data 

53 

ORL A,R r 

4* 

ORL A,@R0 

40 

R1 

41 

ORL A,#data 

43 

XRL A,R r 

D* 

XRL A,@R0 

DO 

R1 

D1 

XRL A,#data 

D3 

INC A 

17 

DEC A 

07 

CLR A 

27 

CPL A 

37 

RL A 

E7 

• RLC A 

F7 

RR A 

77 

• RRC A 

67 

• DA A 

57 

SWAP A 

47 

DATA MOVES 


MOV A,R r 

F* 

MOV A,(o)R0 

F0 

R1 

FI 

MOV A,#data 

23 

MOV R,A r 

A* 

MOV @R0,A 

A0 

R1,A 

A1 

MOV R r ,#data 

B* 

MOV @R0,#data 

B0 

R1 ,#data 

B1 

XCH A,R r 

2* 

XCH A,@R0 

20 

R1 

21 

XCHD A,@R0 

30 

R1 

31 

MOV A,PSW 

01 

• MOV PSW.A 

D7 

MOVX A,@R0 

80 

R1 

81 

MOVX @R0,A 

90 

R1,A 

91 

MOVP3 A,@A 

E3 

MOVP A,@A 

A3 


REGISTER 

INC R r 

1* 

DEC R r 

C* 

INC @R0 

10 

R1 

11 

DJNZ R p addr 

E* 

FLAGS 

• CLR C 

97 

• CPL C 

A7 

CLR F0 

85 

CPL F0 

95 

CLR FI 

A5 

CPL FI 

B5 

BRANCH 

JMP addr 

t4 

JMPP @A 

B3 

DJNZ R p addr 

E* 

JC addr 

F6 

JNC addr 

E6 

JZ addr 

C6 

JNZ addr 

96 

JTO addr 

36 

JNTO addr 

26 

JT1 addr 

56 

JNT1 addr 

46 

JFO addr 

B6 

JF1 addr 

76 

JTFaddr 

16 

JNI addr 

86 

JBO addr 

12 

JB1 addr 

32 

JB2 addr 

52 

JB3 addr 

72 

JB4 addr 

92 

JB5 addr 

B2 

JB6 addr 

D2 

JB7 addr 

F2 

TIMER 

MOV A,T 

42 

MOV T,A 

62 

STRT T 

55 

STRT CNT 

45 

STOP TCNT 

65 

EN TCNTI 

25 

DIS TCNTI 

35 


CONTROL 

EN 1 

05 

DIS 1 

15 

SEL RBO 

C5 

SEL RBI 

D5 

SEL MBO 

E5 

SEL MB1 

F5 

ENTO CLK 

75 

SUBROUTINE 

CALL addr 

+4 

RET 

83 

RETR 

93 

NO OP 

NOP 

00 

input/output: 

IN A,PI 

09 

OUTL PI,A 

39 

ANL P1,#data 

99 

ORL PI, #data 

89 

IN A, P2 

0A 

OUT L P2, A 

3A 

ANL P2, #data 

9A 

ORL P2,#data 

8A 

INS A, BUS 

08 

OUTL BUS, A 

02 

ANL BUS, #data 

98 

ORL BUS, #data 

88 

MOVD A,Pp 

o: 

MOVD Pp,A 

3: 

ANLD Pp,A 

9: 

ORLD Pp,A 

8: 


• = Carry Flag Affected * = See Table 2 

* = See Table 1 t = See Table 3 



Join the MCS-48™Mailing List 

Help us keep you up to date with the latest MCS-48 product information 
and application notes by filling in the following information. 



Number 

of Chips to b 

ie used per 

system 



□ 8048 

□ 8355 

□ 8212 

□ 8214 

□ 8708 

Name 

- □ 8748 

□ 8755 

□ 8251 

□ 8216 

□ 8316 


□ 8035 

□ 8155 

□ 8253 

□ 8259 

□ 8101 

Company 

□ 8243 

□ 8205 

□ 8255 

□ 8279 

□ 8111 


Title-□ Other 


Mail Stop- 

Address- 

City_ State- Zip 

Phone _ 


□ Design Engineer 

□ Engineering Manager 
D Engineering Support 

□ Manufacturing 

□ Purchasing 

□ Hobbyist 

□ Other_ 


System Requirements 
Program Mem 
Data Memory 
Input Lines 
Output Lines 
Timers 
Product Description 

□ Military 

□ Consumer 

□ Industrial 

□ Data Processing 

□ Other_ 


□ 1 Kx8 

□ 2K 

□ 3K 

□ 4K 

□ 

More 

□ 64x8 

□ 256 

□ 512 

□ 1 K 

□ 

More 

□ 8 

□ 16 

□ 24 

□ 32 

□ 

More 

□ 16 

□ 24 

□ 32 

□ 40 

□ 

More 

□ l 

□ 2 

□ 3 

□ More 



□ Terminal 

□ Process Controller 

□ Machine Controller 

□ Instrument 

□ Test Equipment 

□ In-house Equipment 

□ Other- 


Production date . 


Systems/Month . 


Name_ 

Company 


Number 

of Chips to b 

ie used per 

system 


□ 8048 

□ 8355 

□ 8212 

□ 8214 

□ 8708 

□ 8748 

□ 8755 

□ 8251 

□ 8216 

□ 8316 

□ 8035 

□ 8155 

□ 8253 

□ 8259 

□ 8101 

□ 8243 

□ 8205 

□ 8255 

□ 8279 

□ 8111 


Title 


□ Other 


Mail Stop_ 

Address_ 

City- State- Zip 

Phone _ 


□ Design Engineer 

□ Engineering Manager 

□ Engineering Support 

□ Manufacturing 

□ Purchasing 

□ Hobbyist 

□ Other_ 


System Requirements 


Program Memory DlKx8 

□ 2K 

□ 3K 

□ 4K 

□ More 

Data Memory 

□ 64x8 

□ 256 

□ 512 

□ 1 K 

□ More 

Input Lines 

□ 8 

□ 16 

□ 24 

□ 32 

□ More 

Output Lines 

□ 16 

□ 24 

□ 32 

□ 40 

□ More 

Timers 

□ l 

□ 2 

□ 3 

D More 


Product Description 

□ Military 

□ Consumer 

□ Industrial 

□ Data Processing 

□ Other_ 


□ Terminal 

□ Process Controller 

□ Machine Controller 

□ Instrument 

□ Test Equipment 

□ In-house Equipment 

□ Other- 


Production date_Systems/Month 
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TABLE 1. REGISTER ACCUMULATOR 


Rr 

MOV A,R 

MOV R,A 

XCH A,R 

MOV R, #DATA 

INC R 

DEC R 

DJNZ R 

ADD A,R 

— 

ADDC A,R 

ANL A,R 

ORL A,R 

XRL A,R 

RO 

F8 

A8 

28 

B8 

18 

C8 

E8 

68 

78 

58 

48 

D8 

R1 

F9 

A9 

29 

B9 

19 

C9 

E9 

69 

79 

59 

49 

D9 

R2 

FA 

AA 

2A 

BA 

1A 

CA 

EA 

6A 

7A 

5A 

4A 

DA 

R3 

FB 

AB 

2B 

BB 

IB 

CB 

EB 

6B 

7B 

5B 

4B 

DB 

R4 

FC 

AC 

2C 

BC 

1C 

CC 

EC 

6C 

7C 

5C 

4C 

DC 

R5 

FD 

AD 

2D 

BD 

ID 

CD 

ED 

6D 

7D 

5D 

4D 

DD 

R6 

FE 

AE 

2E 

BE 

IE 

CE 

EE 

6E 

7E 

5E 

4E 

DE 

R7 

FF 

AF 

2F 

BF 

IF 

CF 

EF 

6F 

7F 

5F 

4F 

DF 


TABLE 2. INPUT/OUTPUT. 


Port 

IN 

OUT 

AND 

OR 

BUS 

08 

02 

98 

88 

PI 

09 

39 

99 

89 

P2 

OA 

3A 

9A 

8A 

P4 

OC 

3C 

9C 

8C 

P5 

OD 

3D 

9D 

8D 

P6 

OE 

3E 

9E 

8E 

P7 

OF 

3F 

9F 

8F 


TABLE 3. BRANCH. 


Page 

JMP 

CALL 

0 

04 

14 

1 

24 

34 

2 

44 

54 

3 

64 

74 

4 

” S4 ; 

94 

5 

A4 

B4 

6 

C4 

D4 

7 

E4 

F4 


Page = 256 bytes 


MCS-48™ DATA TRANSFER INSTRUCTIONS 


EXPANDER 
I/O PORTS 



EXTERNAL 

MEMORY 

AND 

PERIPHERALS 


DATA RAM 



STACK FORMAT 


PROGRAM 

STATUS WORD (PSW) 


7 


HIGH (ODD) 
LOCATION 

LOW (EVEN) 
LOCATION 


1 I -L 


PC7 


PC8 


PCO 

I 


SAVED IN STACK STACK POINTER 


E 



E 

p 

JL 

— 

3 


MSB LSB 

C CARRY 
AC AUXILIARY CARRY 
FO FLAGO 

BS REGISTER BANK SELECT 
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